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ABSTRACT
P a r t i a l  d i g e s t i o n  o f  n a t i v e  tRNA m o l e c u l e s  w i t h  P^ n u c l e a s e
u n d e r  c o n d i t i o n s  w hich  t a k e  a d v a n t a g e  o f  t h e  d i f f e r e n c e s  i n  k i n e t i c
p a r a m e t e r s  o f  t h i s  enzyme f o r  v a r i o u s  s u b s t r a t e s  h a s  b e e n  p e r f o r m e d .
Under t h e s e  c o n d i t i o n s  t h e  two c o n f o r m e r s  o f  y e a s t  tRNA^eU g i v e
d i f f e r e n t  d i g e s t i o n  p a t t e r n s ,  i n d i c a t i n g  t h a t  P^ n u c l e a s e  i s  s e n s i t i v e
t o  s t r u c t u r a l  f e a t u r e s  o f  i t s  s u b s t r a t e .  Compar ison  o f  t h e  d i g e s t i o n  
Ptl£p a t t e r n  o f  tRNA f rom  y e a s t  w i t h  i t s  known t h r e e - d i m e n s i o n a l  
s t r u c t u r e  shows t h a t  s t e m  and lo o p  r e g i o n s  can  b e  d i s t i n g u i s h e d  and 
t h a t  t w e l v e  o f  t h e  t w e n t y  r e s i d u e s  i n v o l v e d  i n  t e r t i a r y  h y d ro g e n  
b o n d in g  i n t e r a c t i o n s  c a n  be  d e t e c t e d .
PheE x t r a p o l a t i o n  o f  t h e  t e r t i a r y  s t r u c t u r e  o f  tRNA t o  y e a s t
|  ,QU
tRNA^ (N) i s  b o r n e  o u t  by  t h e  d i g e s t i o n  p a t t e r n s  o f  t h e  D-arm,  T-arm 
and a n t i c o d o n  l o o p ,  b u t  r e s u l t s  f o r  t h e  v a r i a b l e  arm a r e  d i f f i c u l t  t o  
i n t e r p r e t .  The d i g e s t i o n  p a t t e r n  o f  y e a s t  tRNA^^CU) i s  c o m p a t i b l e  
w i t h  m ode ls  o f  i t s  s e c o n d a r y  s t r u c t u r e .
P o p u l a t i o n s  o f  t r a n s f e r  RNA from human p l a c e n t a  and le iomyoma 
w ere  compared  by  r e v e r s e d - p h a s e  c h ro m a to g ra p h y  (RPC-5) .  The i s o ­
a c c e p t o r s  o f  t R N A ^ 0 , tRNA^S r , tRNA^S^ and tRNA'*'^r  i n c l u d e d  e x t r a  
s p e c i e s  i n  t h e  tumor tRNA p o p u l a t i o n .  Q u a n t i t a t i v e  d i f f e r e n c e s  i n  t h e
Lyg
i s o a c c e p t o r s  of  tRNA w ere  o b s e r v e d  b e tw e e n  t h e  two p o p u l a t i o n s .
T h es e  d a t a  a r e  i n t e r p r e t e d  i n  t e rm s  o f  t h e  t h e o r i e s  a b o u t  r e g u l a t i o n  
o f  g ene  e x p r e s s i o n  a t  t h e  l e v e l  o f  t r a n s l a t i o n  by t r a n s f e r  RNAs.
xii
C h a p t e r  I
PARTIAL P NUCLEASE DIGESTION AS A PROBE OF tRNA STRUCTURE
1
INTRODUCTION
T r a n s f e r  RNA was f i r s t  d i s c o v e r e d  i n  1957 (1)  as  a f r a c t i o n  
o f  s o l u b l e  RNA w hich  c o u l d  a c c e p t  r a d i o a c t i v e l y  l a b e l e d  amino a c i d s  
i n  t h e  p r e s e n c e  o f  a  "pH 5 enzyme" p r e p a r a t i o n  and t r a n s f e r  t h o s e  
amino a c i d s  t o  p r o t e i n s  d u r i n g  t r a n s l a t i o n .  I n  a  n o r m a l  c e l l  t h e r e  
a r e  many s p e c i e s  o f  tRNA m o l e c u l e s :  one  o r  more f o r  e a c h  amino a c i d  
w i t h  a  s e p a r a t e  s e t  f o r  m i t o c h o n d r i a  ( 2 ) .  T r a n s f e r  RNAs e v o l v e d  
e a r l y  a s  t h e  a d a p t o r s  b e tw ee n  n u c l e i c  a c i d  and p r o t e i n  s e q u e n c e s ,  
and t h e i r  s e q u e n c e s  h ave  b e e n  h i g h l y  c o n s e r v e d  ( 3 ) .  These  mol­
e c u l e s  a r e  now known t o  h a v e  a w ide  v a r i e t y  o f  r o l e s  w h ich  r a n g e  
from r i b o s o m e - m e d i a t e d  p r o t e i n  s y n t h e s i s  (4)  t o  a t t e n u a t i o n  o f  t r a n s ­
c r i p t i o n  ( 5 - 7 ) .  They h a v e  b e e n  i m p l i c a t e d  i n  a  v a r i e t y  o f  r e g u ­
l a t o r y  p r o c e s s e s .
S t r u c t u r e  o f  tRNA
The f i r s t  tRNA s e q u e n c e  was e l u c i d a t e d  by  H o l l e y  (9) i n  1965 .
S in c e  t h a t  t im e  v a s t  im provem en ts  i n  t h e  t e c h n o l o g y  o f  RNA s e q u e n c i n g  
(1 0 -1 2 )  h a v e  a l l o w e d  t h e  d e t e r m i n a t i o n  o f  o v e r  200 s e q u e n c e s  ( 1 3 ) .
S e v e r a l  g e n e r a l  f e a t u r e s  o f  tRNA s t r u c t u r e  h ave  emerged  ( F i g u r e  1 ;  
s e e  r e f e r e n c e  14 f o r  a  r e v i e w . ) .  F i r s t  t h e  s e q u e n c e  o f  tRNA can  be 
f o l d e d  i n t o  a c l o v e r l e a f  s t r u c t u r e  w h ich  p o s s e s s e s  f i v e  a rm s .  Second ,  
t h e  a c c e p t o r  s tem  and a n t i c o d o n  and T arms a r e  o f  c o n s t a n t  l e n g t h ,  
h a v i n g  s e v e n  b a s e  p a i r s  and f i v e  b a s e  p a i r s  w i t h  s e v e n  r e s i d u e s  i n  t h e  
l o o p s ,  r e s p e c t i v e l y .  T h i r d ,  i n  a l m o s t  a l l  o f  t h e  s e q u e n c e s  which  a r e  
known a t  t h i s  t im e  t h e r e  a r e  f i f t e e n  i n v a r i a n t  r e s i d u e s ,  f o u r  s e m i v a r i a n t
F i g u r e  1.  G e n e r a l i z e d  c l o v e r l e a f  s t r u c t u r e  o f  tRNA ( e x c e p t  i n i t i a t o r  
tRNAs).  I n v a r i a n t  and s e m i v a r i a n t  b a s e s  a r e  shown: R s t a n d s  f o r
p u r i n e s  and Y s t a n d s  f o r  p y r i m i d i n e s .  T h i s  Y i s  d i s t i n c t  f rom t h e  
h y p e r m o d i f i e d  r e s i d u e Y  (wye) o f  p h e n y l a l a n i n e  tRNAs. H s t a n d s  f o r  a 
h y p e r m o d i f i e d  p u r i n e .  The d o t t e d  r e g i o n s ,  a and 3 o f  t h e  D lo o p  and 
i n  t h e  v a r i a b l e  l o o p  c o n t a i n  d i f f e r e n t  numbers  o f  n u c l e o t i d e s  i n  
d i f f e r e n t  s e q u e n c e s .
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and f o u r  c o r r e l a t e d  s e m i v a r i a n t  r e s i d u e s .  S e m i v a r i a n t  r e s i d u e s  a r e
r e s t r i c t e d  t o  b e i n g  e i t h e r  a p u r i n e  o r  a p y r i m i d i n e ;  c o r r e l a t e d
s e m i v a r i a n t s  a r e  p a i r s  o f  one p u r i n e  and one p y r i m i d i n e  w hich  a r e
f u r t h e r  r e s t r i c t e d  i n  t h a t  t h e y  mus t  b e  a b l e  t o  form W a t s o n - C r i c k
b a s e  p a i r s  w i t h  one a n o t h e r .  F o u r t h ,  t r a n s f e r  RNA m o l e c u l e s  have  a
h i g h  p r o p o r t i o n  o f  m o d i f i e d  n u c l e o s i d e s .  T h e re  a r e  e x c e p t i o n s  t o
t h e s e  r u l e s ,  o f  c o u r s e ,  w h ich  i n c l u d e ,  b u t  a r e  by no means l i m i t e d
Gly
t o  t h e  s p e c i a l i z e d  tRNA w hich  i s  u s e d  f o r  b a c t e r i a l  c e l l  w a l l
s y n t h e s i s  (15) and v a r i o u s  i n i t i a t o r  and tumor  tRNAs ( 1 4 ) .
The a s p e c t s  o f  tRNA s t r u c t u r e  w h ich  v a r y  a r e  t h e  number o f
n u c l e o t i d e s  i n  t h e  a and  3 r e g i o n s  o f  t h e  D l o o p ,  t h e  number o f  b a s e
p a i r s  i n  th e  D s t e m  and  t h e  number o f  r e s i d u e s  i n  t h e  v a r i a b l e  arm.
Of c o u r s e  t h e  i d e n t i t i e s  o f  t h e  b a s e s  a t  t h e  v a r i a b l e  p o s i t i o n s  o f
t h e  tRNA a r e  u n iq u e  f o r  each  tRNA.
Two c l a s s i f i c a t i o n  schemes  h ave  b e e n  p r o p o s e d  f o r  g r o u p in g
t h e  tRNAs a c c o r d i n g  t o  s t r u c t u r e  (1 6 ,  1 7 ) .  They a r e  b a s e d  on th e
number o f  b a s e  p a i r s  i n  t h e  D s t e m  (D^ o r  D^) and t h e  number o f
n u c l e o t i d e s  i n  t h e  v a r i a b l e  arm (V, _ o r  V ) .  A s e t  o f  r u l e s  f o r4 -5  n
num b e r in g  t h e  r e s i d u e s  so  t h a t  d i r e c t  c o m p a r i s o n s  among t h e  tRNA
s e q u e n c e s  can  be made was p r o p o s e d  a t  t h e  tRNA m e e t in g  a t  Cold
S p r i n g  H arb o r  i n  1978.  F i g u r e  2 shows t h a t  s y s t e m  (1 3 ) .
Y e a s t  P h e n y l a l a n i n e  tRNA
PheY e a s t  tRNA was s e q u e n c e d  by  R a jB handa ry  et_ aT. ( 1 8 ) .
I t  i s  a tRNA w i t h  s e v e n t y - s i x  n u c l e o t i d e s  ( F i g u r e  3 ) .  I t s
t h r e e  d i m e n s i o n a l  s t r u c t u r e  h a s  b e e n  r e s o l v e d  t o  2 . 5  A ( 1 9 - 2 1 ) .  
F i g u r e  4 shows a f l a t t e n e d ,  L - s h a p e d  m o l e c u l e  whose a c c e p t o r  and T 
s tem s  make up t h e  h o r i z o n t a l  l imb w h i l e  t h e  a n t i c o d o n  and D s tem s
F i g u r e  2.  The n u m b e r in g  s y s t e m  o f  Gauss £ t  a l .  ( 1 3 ) .  T h i s  
n u m b e r in g  s y s t e m  f o l l o w s  t h e  r u l e s  p r o p o s e d  a t  t h e  1978 tRNA 
m e e t i n g  i n  Cold  S p r i n g  H a r b o r .  I t  i s  d e s i g n e d  t o  a l l o w  d i r e c t  
co m p a r i s o n  w i t h  tRNAPhe, whose t h r e e - d i m e n s i o n a l  s t r u c t u r e  i s  
known.
Heavy c i r c l e s  r e p r e s e n t  i n v a r i a n t  o r  s e r a i v a r i a n t  r e s i d u e s ;  
l i g h t  c i r c l e s  r e p r e s e n t  v a r i a b l e  r e s i d u e s .  O va ls  s t a n d  f o r  
r e s i d u e s  w h ich  do n o t  a p p e a r  i n  e v e r y  tRNA s e q u e n c e .  In  tRNAs 
w i t h  o n l y  f o u r  r e s i d u e s  i n  t h e  v a r i a b l e  l o o p ,  f o r  e x a m p le ,  t h e  number 
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PheF i g u r e  4 .  T e r t i a r y  s t r u c t u r e  o f  y e a s t  tRNA ( 1 9 - 2 1 ) .  







form th e  v e r t i c a l  member.  The g r e a t e s t  c o n t r i b u t i o n  to  t h e  s t a b i l i t y
o f  t h i s  c o n f o r m a t i o n  comes f rom t h e  e x t e n s i v e  b a s e  s t a c k i n g .  The
a c c e p t o r  and T s tem s  make an a l m o s t  c o n t i n u o u s  and c o l i n e a r  h e l i x ;
t h e  b a s e s  o f  t h e  a n t i c o d o n  and D s tem s  a r e  s t a c k e d  ( 1 4 ) .  T h e re  a r e
t e n  t e r t i a r y  i n t e r a c t i o n s  w h ich  a l s o  s t a b i l i z e  t h i s  c o n f o r m a t i o n
(T a b l e  1 and  F i g u r e  5 ) :  t h e y  i n v o l v e  h y d r o g e n  bonds  b e tw e e n  t h e  b a s e s
t h e m s e l v e s ,  b e tw e e n  t h e  b a s e s  and  t h e  s u g a r  r e s i d u e s  and be tw ee n
b a s e s  and  p h o s p h a t e  g r o u p s .  Only one o f  t h e s e  t e n ,  ^ g - C ^ g ,  a s  a
no rm a l  W a t s o n - C r i c k  b a s e  p a i r .  A l l  o f  t h e s e  i n t e r a c t i o n s  i n v o l v e
i n v a r i a n t  o r  s e m i v a r i a n t  r e s i d u e s  o f  t h e  tRNA s e q u e n c e ,  so  i t  i s
Pheg e n e r a l l y  assumed t h a t  t h e  s t r u c t u r e  o f  tRNA can  be  e x t r a p o l a t e d
to  o t h e r  s e q u e n c e s .  The D and v a r i a b l e  l o o p s ,  w here  v a r i a t i o n s  i n
c h a i n  l e n g t h  a r e  p o s s i b l e  among t h e  d i f f e r e n t  tRNAs a r e  i n  r e g i o n s
o f  th e  s t r u c t u r e  which  can  " b u l g e  o u t , "  so  l i t t l e  s t r a i n  would  be
i n t r o d u c e d  by i n c r e a s e s  i n  t h e  number  o f  r e s i d u e s .  I t  i s  i m p o r t a n t
t o  n o t e  t h a t  t h e  T lo o p  and v a r i a b l e  l o o p  a r e  e x t e n s i v e l y  i n v o l v e d
i n  t h e s e  t e r t i a r y  i n t e r a c t i o n s ;  t h e  a n t i c o d o n  lo o p  i s  h i g h l y  ex p o s e d
and c o n t a i n s  a s h a r p  ben d  w hich  i s  s t a b i l i z e d  by t h e  i n t e r a c t i o n
b e tw ee n  Cm „ and A„ . I n  t h e  D lo o p  b o t h  G and G a r e  i n v o l v e dJo l o  iy
i n  t e r t i a r y  h y d ro g e n  b o n d s ,  b u t  i s  n o t .
V a r io u s  c h e m ic a l  m o d i f i c a t i o n  s t u d i e s  have  b e e n  c a r r i e d  o u t
Phet o  p r o b e  t h e  s t r u c t u r e  o f  tRNA ( 2 2 - 3 0 ) .  In  g e n e r a l  t h e y  have  shown 
t h e  f o l l o w i n g  r e s i d u e s  t o  be  h i g h l y  r e a c t i v e :  , D^.,, G^q , ^ 3 4 ’ A35
U ^ ,  C^^,  C a n d  The N^ p o s i t i o n  o f  A^g i s  e x p o s e d ,  b u t  Ng
(which i s  i n v o l v e d  i n  t h e  i n t e r a c t i o n  w i t h  C m ^ )  i s  i n a c c e s s i b l e  t o  
t h e  r e a g e n t s .  Cm^^ ana  Ugg a r e  o n ly  p a r t i a l l y  r e a c t i v e ,  G^g, G ^
G^g, Gg^ and  t h e  r e s t  o f  t h e  T lo o p  a r e  a l l  u n r e a c t i v e .  These  f i n d i n g s
TABLE I
B ases  I n v o l v e d  i n  T e r t i a r y  Hydrogen  Bonding
P H p
I n t e r a c t i o n s  i n  tRNA (14)
Segment B a s e - b a s e  B a s e -b a c k b o n e
I n t e r a c t i o n  I n t e r a c t i o n







D Loop A14 ( u 8 ) G18 ( m ^ g )
G15 (C4 8 ) A21 (Ug)
G18
G19 (C56>
A n t i c o d o n  Loop Cm̂  ry (a 3 8 ) A36 (u 3 3 )
U33 (a 36)
A38 (Cm82)
V a r i a b l e  Loop A44 ^m2G26^
G45 <m2Gi o )
m7G46 (G22)
T Loop T54 ( m ^ g ) ^55 ( m ^ g )
^55 ( gi 8 ) G57 (T5 4 ,G1 8 ,G19)
C56 <Gl9) C60 (C6 1 )
mlA58 (V
" B r i d g e s " U8 <*U>
Pll 6F i g u r e  5 .  T e r t i a r y  i n t e r a c t i o n s  i n  y e a s t  tRNA 



















b e a r  o u t  t h e  t h r e e - d i m e n s i o n a l  s t r u c t u r e  s u g g e s t e d  by t h e  X - ra y
d i f f r a c t i o n  s t u d i e s .
»LeuY e a s t  tRNA^ __
Xj6 UY e a s t  tRNA^ was s e q u e n c e d  i n d e p e n d e n t l y  i n  two d i f f e r e n t  l a b ­
o r a t o r i e s  ( 3 1 , 3 2 )  ( F i g u r e  6 ) .  I t  i s  one o f  s e v e r a l  tRNAs w hich  
p o s s e s s  a  s t a b l e  d e n a t u r e d  c o n f o r m a t i o n  ( 3 3 ) .  V a r i o u s  c i r c u l a r  
d i c h r o i s m  (3 4 ,  35) and h i g h  r e s o l u t i o n  nmr (36)  s t u d i e s  h ave  shown 
t h a t  t h e  two c o n f o r m e r s  h a v e  d i f f e r e n t  numbers  o f  b a s e  p a i r s :  
tRNA^eU (N) h a s  2 1 + 2  w h i l e  tRNA^eU (D) h a s  o n l y  1 8 + 2 .  On t h e  
b a s i s  o f  com p u te r  a s s i s t e d  a n a l y s i s  o f  t h e  nmr s p e c t r a  a model  f o r  
t h e  s e c o n d a r y  s t r u c t u r e  o f  t h e  d e n a t u r e d  c o n f o r m e r  was p r o p o s e d  
( F i g u r e  7) ( 3 6 ) .  The model  p r e d i c t s  t h a t  t h e  a c c e p t o r ,  v a r i a b l e  and 
T s t e m s  a r e  a l l  r e t a i n e d  b u t  t h a t  t h e  D and a n t i c o d o n  s t e m s  a r e  a l l  
d i s r u p t e d .  I n  t h e i r  p l a c e  i s  a new h e l i x  b e tw e e n  t h e  b a s e s  G ^ - m ^ C ^
and t h e  b a s e s  o f  t h e  T and  a n t i c o d o n  l o o p s .  Chem ica l66 70
m o d i f i c a t i o n  s t u d i e s  ( 3 7 ,  38) s u p p o r t  t h i s  m ode l ,  showing  t h a t  t h e  
b a s e s  o f  t h e  D s t e m  and a n t i c o d o n  s t e m  a r e  more r e a c t i v e  and t h o s e  
o f  t h e  a n t i c o d o n  lo o p  l e s s  r e a c t i v e  t h a n  t h e  c o r r e s p o n d i n g  r e s i d u e s  
o f  t h e  n a t i v e  c o n f o r m e r .
P a r t i a l  N u c l e a s e  D i g e s t i o n  a s  a  S t r u c t u r a l  P robe
The a c c e s s i b i l i t y  o f  t h e  v a r i o u s  r e g i o n s  o f  a tRNA m o l e c u l e
to  n u c l e a s e s  h a s  b e e n  u s e d  as  an i n d i c a t o r  o f  o v e r a l l  tRNA s t r u c t u r e .
AlaP a r t i a l  T^ r i b o n u c l e a s e  d i g e s t i o n  o f  tRNA was p e r f o r m e d  by H o l l e y  
i n  1965 ( 3 9 ) .  S in c e  t h a t  t im e  a t  l e a s t  t w e l v e  tRNAs h ave  b een
exam ined  by t h i s  t e c h n i q u e  ( s e e  r e f e r e n c e  14 f o r  a r e v i e w ) , i n c l u d i n g
A la  S e r  Phe Met Met V a l  Tyry e a s t  tRNA , tRNA , tRNA , tRNA* , tRNA , tRNA and tRNA y ,f  m
E. c o l i  tRNAG l u , tRNA^e t , tRNAM e t , tRNATrp and tRNAT y r , and mammalian — -------  f  m
X /
F i g u r e  6 .  Sequence  and c l o v e r l e a f  s t r u c t u r e  o f  y e a s t  tRNA^611 
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F i g u r e  7: S e c o n d a ry  s t r u c t u r e  o f  y e a s t  tRNA^eu (D) ( 3 6 ) .
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tRNA^ . V a r i o u s  enzymes h a v e  b e e n  em ployed .  R i b o n u c l e a s e s  A, 
and ( c l e a v a g e  o n l y  a f t e r  c e r t a i n  b a s e s )  and n u c l e a s e s  ( s i n g l e ­
s t r a n d  s p e c i f i c )  (40) h a v e  a l l  b e e n  a p p l i e d  t o  t h e  p ro b le m .
I n  g e n e r a l  t h e s e  s t u d i e s  h a v e  shown t h a t  1) s t e m  r e g i o n s  o f  
t h e  c l o v e r l e a f  a r e  g e n e r a l l y  r e s i s t a n t  t o  n u c l e o l v t i c  a t t a c k ,  2) t h e  
a n t i c o d o n  lo o p  and CCA t e r m i n u s  a r e  h i g h l y  s u s c e p t i b l e  t o  d i g e s t i o n ,
3) t h e  T and  v a r i a b l e  l o o p s  a r e ,  f o r  t h e  m os t  p a r t  r e s i s t a n t ,  and
4) t h e  v a r i a b l e  ( a  and 6) r e g i o n s  o f  t h e  D l o o p  a r e  a c c e s s i b l e  to  
n u c l e a s e s  w h i l e  t h e  c o n s t a n t  o n es  a r e  p r o t e c t e d .
These p r o c e d u r e s  have  p r o d u c e d  somewhat l i m i t e d  i n f o r m a t i o n
a b o u t  t h e  o v e r a l l  s t r u c t u r e  o f  t h e  tRNAs b e c a u s e  t h e y  i n v o l v e
c l e a v a g e  a t  s o  few p o s i t i o n s  and  b e c a u s e  t h e  r e l a t i v e  s u s c e p t i b i l i t i e s
o f  r e s i d u e s  w h ich  a r e  a t t a c k e d  by d i f f e r e n t  n u c l e a s e s  c a n n o t  be
compared .  D i g e s t i o n s  must  be  o f  a  v e r y  l i m i t e d  n a t u r e  b e c a u s e
c l e a v a g e  o f  more t h a n  one p o s i t i o n  i n  any  s i n g l e  tRNA m o l e c u l e  may
Phea l t e r  t h e  c o n f o r m a t i o n  o f  t h e  m o l e c u l e .  T h i s  was shown f o r  tRNA 
when s c i s s i o n  o f  t h e  D lo o p  a t  a  s i n g l e  p o s i t i o n  a l t e r e d  i t s  Km 
f o r  t h e  c o g n a t e  am inoacy l - tRN A  s y n t h e t a s e  ( 4 1 ) .  In  o r d e r  t o  e n s u r e  
t h a t  t h e  d i g e s t i o n  p a t t e r n  be  r e f l e c t i v e  o f  t h e  n a t i v e  c o n f o r m a t i o n  
o f  t h e  tRNA W urs t  a l  . (40) h a v e  u s e d  c o n d i t i o n s  i n  w h ich  no more 
t h a n  3% o f  t h e  tRNA m o l e c u l e s  a r e  c u t .
I t  would  a l s o  be  u s e f u l  t o  be  a b l e  t o  p e r f o r m  k i n e t i c  s t u d i e s  
o f  t h e  c o u r s e  o f  n u c l e a s e  d i g e s t i o n  ( 4 2 ) .  T h i s  would  a l l o w  d e t e r m i ­
n a t i o n  o f  t h e  o r d e r  o f  c l e a v a g e  a t  t h e  v a r i o u s  s i t e s ,  t h u s  p r o v i d i n g  
i n f o r m a t i o n  a b o u t  s u b t l e  d i f f e r e n c e s  i n  t h e  a c c e s s i b i l i t y  o f  t h e  
r e s i d u e s .  T h i s  h a s  b e e n  d i f f i c u l t  t o  a c h i e v e  b e c a u s e  o f  t h e  h a r s h  
c o n d i t i o n s  n e e d e d  t o  i n a c t i v a t e  mos t  o f  t h e  n u c l e a s e s  u s e d .  B o i l i n g ,
p h e n o l  e x t r a c t i o n ,  and t r e a t m e n t  w i t h  c h e l a t i n g  a g e n t s  o r  a l k y l a t i n g  
a g e n t s  can p r e s e n t  a p r o b l e m  t o  r e c o v e r y  o f  tRNA f r a g m e n t s  and 
t o  o b t a i n i n g  v e r y  e a r l y  t im e  a l i q u o t s .  R i c h ' s  g roup  h ave  r e c e n t l y  
shown t h a t  n u c l e a s e  c a n  be i n h i b i t e d  w i t h  ATP, s o  f o r  t h i s  enzyme 
a t  l e a s t ,  k i n e t i c  s t u d i e s  may soon  b e  p o s s i b l e  ( 4 2 ) .
N u c l e a s e
P^ n u c l e a s e  was i s o l a t e d  from P e n i c i l l i u m  c i t r i n u m  by F u j im o to  
e t  a l . ( 4 3 ) .  I t  i s  a  z i n c - c o n t a i n i n g  enzyme (44) w h ich  p o s s e s s e s  b o t h  
p h o s p h o m o n e s t e r a s e  and p h o s p h o d i e s t e r a s e  a c t i v i t i e s  ( 4 5 ) .  I t  c a t a l y z e s  
t h e  r e m o v a l  o f  t h e  p h o s p h a t e  g roup  f rom 3 ' - m o n o n u c l e o t i d e s  and 
c l e a v e s  p o l y n u c l e o t i d e s  i n  s uch  a way t h a t  t h e  f r a g m e n t s  p o s s e s s  3 ' -  
h y d r o x y l s  and  5 ' - p h o s p h a t e s . I t  i s  a c t i v e  a g a i n s t  b o t h  RNA and h e a t -  
d e n a t u r e d  DNA s t r a n d s ,  b u t  i s  e s s e n t i a l l y  i n a c t i v e  a g a i n s t  d u p l e x  
m o l e c u l e s  ( 4 6 ) ;  i t  w i l l  d e p h o s p h o r y l a t e  3 ' - m o n o n u c l e o t i d e s  b u t  n o t  
2 ' -  o r  5 ' - n u c l e o t i d e s .  I t  w i l l  e v e n t u a l l y  c l e a v e  a l m o s t  any p o s i t i o n  
o f  a p o l y n u c l e o t i d e  c h a i n .
In  s p i t e  o f  t h i s  l a c k  o f  a b s o l u t e  b a s e  s p e c i f i c i t y  P^ n u c l e a s e  
a c t s  on d i f f e r e n t  s u b s t r a t e s  o r  a t  d i f f e r e n t  p o s i t i o n s  o f  a p o l y n u ­
c l e o t i d e  c h a i n  w i t h  d i f f e r e n t  r a t e s  ( 4 6 ) .  The pH o p t i m a  f o r  v a r i o u s  
s y n t h e t i c  homopolymers  and  3 ' - n u c l e o t i d e s  v a r y  from 4 . 3  t o  8 . 5 ;  
f o r  i n t a c t  tRNA and DNA c h a i n s  t h e  optimum pH i s  5 . 3 .  V a lu e s  f o r  
Vmax were  o b t a i n e d  f o r  t h e  n a t u r a l  and s y n t h e t i c  s u b s t r a t e s  which  
were  h y d r o l y z e d  a t  t h e i r  i n d i v i d u a l  pH o p t i m a  and r a n g e d  from 14 
( p o ly  G) to  1440 (3 '-GMP) y m o l e s /m i n . / m g  p r o t e i n  a t  37°C. The Km 
v a l u e s  f o r  a l l  o f  t h e s e  s u b s t r a t e s  w ere  o b t a i n e d  d u r i n g  d i g e s t i o n  a t  
pH 5 . 3  and r a n g e d  f rom 7 x 10 ** ( 3 '-AMP) t o  6 x 10 S i  (3 ' -dTM P) .  
B e s i d e s  t h e s e  d i f f e r e n c e s  i n  k i n e t i c  p a r a m e t e r s  t h e  v a r i o u s  s u b s t r a t e s
a r e  a f f e c t e d  d i f f e r e n t l y  by ch a n g e s  i n  t h e  i o n i c  s t r e n g t h .
n u c l e a s e  h a s  b e e n  e x t e n s i v e l y  u s e d  i n  t h e  s e q u e n c e  a n a l y s i s
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o f  tRNAs (1 1 ,  4 7 ) .  T h i s  p r o c e s s  i n v o l v e s  d i g e s t i o n  o f  5 ' -  P - l a b e l e d  
tRNAs o r  t h e i r  f r a g m e n t s  i n  s u c h  a  way t h a t  e v e r y  p o s i t i o n  i s  c l e a v e d .  
Time a l i q u o t s  a r e  removed from t h e  r e a c t i o n  m i x t u r e  and rec o m b in e d  
i n  s uch  a way t h a t  t h e  f r a g m e n t s  w i l l  be  p r e s e n t  i n  n e a r l y  e q u i m o l a r  
am oun ts .  The p o o le d  d i g e s t i o n  p r o d u c t s  a r e  s u b j e c t e d  t o  homochroma­
t o g r a p h y  and t h e  s e q u e n c e  i s  d e d u c e d .  The n u c l e a s e  h a s  a l s o  b e e n  
u s e d  i n  5 ' - e n d  a n a l y s i s  o f  tRNAs ( 4 8 ) .  These  d i g e s t i o n s  i n v o l v e  
l a r g e  amounts o f  n u c l e a s e  f o r  e x t e n d e d  i n c u b a t i o n s  u n d e r  o p t i m a l  
c o n d i t i o n s  f o r  t h e  enzyme. T h i s  m i n i m i z e s  t h e  e f f e c t s  o f  d i f f e r e n c e s  
i n  k i n e t i c  p a r a m e t e r s  f o r  d i f f e r e n t  s u b s t r a t e s .
R a t i o n a l e  f o r  t h i s  S tudy
The r a t i o n a l e  f o r  t h i s  s t u d y  i s  b a s e d  on t h e  f a c t  t h a t  P^ 
n u c l e a s e  does  e x h i b i t  d i f f e r e n c e s  i n  t h e  r a t e  o f  c l e a v a g e  a t  v a r i o u s  
p o s i t i o n s  i n  a p o l y n u c l e o t i d e  c h a i n .  The l a r g e s t  d i f f e r e n c e  i n  s y n ­
t h e t i c  s u b s t r a t e s  i s  b e t w e e n  s i n g l e  and d o u b le  s t r a n d e d  m o l e c u l e s  ( 4 6 ) ;  
t h e  m a g n i tu d e  o f  t h e  d i f f e r e n c e s  among s p e c i f i c  b a s e s  v a r i e s  w i t h  pH 
and i o n i c  s t r e n g t h  and may be m i n im i z e d .
C le a v a g e  o f  n a t i v e  tRNAs u n d e r  c o n d i t i o n s  w h ich  t a k e  a d v a n t a g e  
o f  t h e s e  d i f f e r e n c e s  i n  c l e a v a g e  s i t e  p r e f e r e n c e  s h o u l d  a l l o w  
v i s u a l i z a t i o n  o f  a l l  o f  t h e  p o s i t i o n s  i n  t h e  tRNA c h a i n .  These  
c o n d i t i o n s  a r e  a h i g h  enzym e: s u b s t r a t e  r a t i o  and a v e r y  s h o r t  
i n c u b a t i o n  t i m e .  Under t h e s e  c i r c u m s t a n c e s  t h e  f r e q u e n c y  w i t h  
w h ich  c l e a v a g e  t a k e s  p l a c e  a t  any p a r t i c u l a r  s i t e  w i l l  r e f l e c t  
t h e  s t r u c t u r e  o f  t h e  tRNA a t  t h a t  p o s i t i o n .  The r e s t r i c t i o n  t h a t  
o n ly  a v e r y  s m a l l  p r o p o r t i o n  o f  t h e  t o t a l  number o f  tP.NA m o l e c u l e s
be  c l e a v e d  can a l s o  b e  m e t ,  a s s u r i n g  t h a t ,  on t h e  a v e r a g e ,  any tRNA 
m o l e c u l e  w i l l  be c l e a v e d  o n l y  o n c e .  T h i s ,  a l o n g  w i t h  t h e  f a c t  t h a t  
t h e  d i g e s t i o n  w i l l  be  c a r r i e d  o u t  a t  a  n e u t r a l  pH, w i l l  h e l p  to  
e n s u r e  t h a t  t h e  d i g e s t i o n  p a t t e r n  w i l l  r e f l e c t  t h e  n a t i v e  c o n f o r m a t i o n  
o f  t h e  tRNA.
H y d r o l y s i s  p r o d u c t s  can  be  r e s o l v e d  on p o l y a c r y l a m i d e  g e l s  
a c c o r d i n g  t o  c h a i n  l e n g t h .  S i n c e  t h e  tRNAs a r e  l a b e l e d  a t  t h e i r  
5 ’ - e n d s  p r i o r  t o  n u c l e a s e  t r e a t m e n t  a l l  f r a g m e n t s  o f  t h e  same c h a i n  
l e n g t h  w i l l  have  t h e  same p r i m a r y  s e q u e n c e .  They can  be  i d e n t i f i e d  
by  e l e c t r o p h o r e s i s  i n  p a r a l l e l  w i t h  tRNAs w hich  have  b e e n  d i g e s t e d  
w i t h  T^ r i b o n u c l e a s e  (which  c l e a v e s  a f t e r  g u a n i d i n e  r e s i d u e s )  o r  
d i l u t e  NaOH. The r a d i o a c t i v e  f r a g m e n t s  a r e  v i s u a l i z e d  by a u t o r a ­
d i o g r a p h y  and t h e  band  i n t e n s i t i e s  on t h e  f i l m  w i l l  be  p r o p o r t i o n a l  
t o  t h e  number o f  f r a g m e n t s  o f  e a c h  c h a i n  l e n g t h .  The p r o p o r t i o n  o f  
t o t a l  f r a g m e n t s  w h ich  i s  i n c l u d e d  i n  any p a r t i c u l a r  band  w i l l  r e f l e c t  
t h e  r e l a t i v e  p r e f e r e n c e  o f  P^ n u c l e a s e  f o r  c l e a v a g e  a t  t h a t  p o s i t i o n .
S in c e  y e a s t  tRNA^eu  h a s  two s t a b l e  c o n f o r m a t i o n s  a t  28°C p a r t i a l  
d i g e s t i o n  o f  t h e  two c o n f o r m e r s  f o l l o w e d  by e l e c t r o p h o r e s i s  t o  r e s o l v e  
t h e  f r a g m e n t s  s h o u l d  g i v e  d i f f e r e n t  d i g e s t i o n  p a t t e r n s  i f  t h e  n u c l e a s e
i s  s e n s i t i v e  t o  d i f f e r e n c e s  i n  s t r u c t u r e .  The t h r e e - d i m e n s i o n a l
Phes t r u c t u r e  o f  tRNA i s  known and  can  be  u sed  t o  compare  t h e  c l e a v a g e
p a t t e r n  p r e d i c t e d  from t h e  k i n e t i c  p a r a m e t e r s  t o  t h e  one w hich  i s
a c t u a l l y  o b t a i n e d .  F i n a l l y ,  i f  t h e  p r e d i c t i o n s  a b o u t  t h e  d i g e s t i o n  
Phep r o f i l e  o f  tRNA a r e  b o r n e  o u t  some i n f e r e n c e  may b e  made a b o u t  t h e  
s t r u c t u r e  o f  t h e  d e n a t u r e d  c o n f o r m e r  o f  tRNA^eU.
MATERIALS AND METHODS
M a t e r i a l s
P^ n u c l e a s e  was p u r c h a s e d  f rom Sigma C hem ica l  Company and had  
a  s p e c i f i c  a c t i v i t y  o f  400 U/mg. P o l y n u c l e o t i d e  k i n a s e  (E .C .  3 . 1 . 4 . 2 2 )  
was o b t a i n e d  t h r o u g h  P /L  B i o c h e m i c a l s ;  b a c t e r i a l  a l k a l i n e  p h o s p h a t a s e  
(E .C .  3 . 1 . 3 . 1 . )  came from B o erh in g e r -M a n n h e im  and T^ r i b o n u c l e a s e  
(E .C .  3 . 1 . 4 . 8 . )  was f ro m  Sankyo .
pj^g j  2
Y e a s t  tRNA was  p u r c h a s e d  f rom B o erh in g e r -M a n n h e im .  [ y -  P ] -
ATP (>3000 Ci/mmole) was o b t a i n e d  from ICN. U l t r a p u r e  r e a g e n t s  
f o r  g e l  p r e p a r a t i o n  ( a c r y l a m i d e ,  m e t h y l e n e  b i s a c r y l a m i d e , N , N , N ' , N ' , -  
t e t r a m e t h y l e n e d i a m i n e  and ammonium p e r s u l f a t e )  w ere  p u r c h a s e d  from 
BioRad.  N i t r i l o t r i a c e t i c  a c i d  (NTA) was g o l d  l a b e l  g r a d e  and was 
p u r c h a s e d  f rom  A l d r i c h  C hem ica l  Company. Kodak XR-5 x - r a y  f i l m  and 
Cronex " L i g h t n i n g  P l u s "  i n t e n s i f y i n g  s c r e e n s  w ere  p u r c h a s e d  l o c a l l y  
t h r o u g h  E v a n g e l i n e  X-Ray,  I n c .  A p r e v i o u s l y  p u r i f i e d  p r e p a r a t i o n
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o f  y e a s t  tRNA^ was u s e d  ( 4 9 ) .
Methods
L a b e l i n g  o f  tRNAs
L a b e l i n g  o f  i n t a c t  tRNAs a t  t h e i r  5 ’ - e n d s  i n v o l v e d  1) rem ova l  
o f  t h e  5 ' - t e r m i n a l  p h o s p h a t e s  w i t h  b a c t e r i a l  a l k a l i n e  p h o s p h a t a s e  i n  
t h e  p r e s e n c e  o f  0.1% SDS a s  d e s c r i b e d  by S h inagaw a  and Padmanabhan ( 5 0 ) ,
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2) p h o s p h o r y l a t i o n  w i t h  [ y -  P]-ATP by p o l y n u c l e o t i d e  k i n a s e  i n  t h e  
p r e s e n c e  o f  40 mM T r i s C l  pH 8 . 5 ,  10 mM MgCl^ and 8 mM DTT. P o ly n u ­
c l e o t i d e  k i n a s e  was p r e s e n t  as  3 .5  U f o r  e v e r y  6 ug of  tRNA ( 1 1 ) .  
I n c u b a t i o n  was a t  37°C f o r  30 m i n . , a f t e r  w hich  t h e  m a t e r i a l  was 
f r o z e n  i n  powdered  d r y  i c e ,  l y o p h i l i z e d  t o  d r y n e s s  and r e s u s p e n d e d  
i n  a  m i x t u r e  o f  8M u r e a ,  0.5% b rom opheno l  b l u e  and 0.5% x y l e n e  c y a n o l
b l u e  { l o a d i n g  dye (9)  } .
Pu r i f i c a t i o n  o f  L a b e l e d  tRNA
The 5 ’ - e n d  l a b e l e d  tRNA was s e p a r a t e d  f rom t h e  r e m a i n i n g  r a d i o ­
a c t i v e  ATP by e l e c t r o p h o r e s i s  on a 20 x 20 x 0 . 3  cm p o l y a c r y l a m i d e  
s l a b  g e l  (20% a c r y l a m i d e  w i t h  3.3% c r o s s l i n k i n g ,  7M u r e a ,  50 mM 
T r i s - b o r a t e  pH 8 . 3  and 1 mM Na^EDTA) a t  300 v o l t s  f o r  f i f t e e n  h o u r s  
a t  room t e m p e r a t u r e  ( 5 1 ) .  The band o f  i n t a c t  tRNA was l o c a t e d  by 
a u t o r a d i o g r a p h y  u s i n g  2 -3  m i n u t e s  e x p o s u r e  a t  room t e m p e r a t u r e .  The 
ban d  was c u t  o u t  o f  t h e  g e l .
L a b e l e d  tRNA was e l u t e d  from t h e  g e l  by t h e  method  o f  Knecht
and  Busch ( 5 2 ) .  I n  t h i s  p r o c e s s  tu b e  g e l s  were  p r e p a r e d  i n  s h o r t e n e d
P a s t e u r  p i p e t t e s .  The band  from t h e  s l a b  g e l  which  c o n t a i n e d  t h e
l a b e l e d  tRNA was p l a c e d  on top  o f  t h e  5% a c r y l a m i d e  i n  t h e  t u b e s ,
a l o n g  w i t h  1 A0 , 0 u n i t  o f  u n l a b e l e d  c r u d e  y e a s t  tRNA. A t i e d  o f f  zou
d i a l y s i s  bag  f i l l e d  w i t h  r u n n i n g  b u f f e r  (50 mM T r i s - a c e t a t e  pH 8 . 0 )  
was p l a c e d  o v e r  t h e  end o f  t h e  p i p e t t e  and t h e  t u b e  g e l  was e l e c t r o -  
p h o r e s e d  f o r  s e v e r a l  h o u r s  a t  100 v o l t s  and 4°C u n t i l  a l l  o f  t h e  
r a d i o a c t i v i t y  was i n  t h e  d i a l y s i s  b ag .  M i g r a t i o n  of  t h e  r a d i o a c t i v e l y  
l a b e l e d  tRNA was f o l l o w e d  w i t h  a s u r v e y  m e t e r .  A f t e r  e l e c t r o p h o r e s i s  
t h e  d i a l y s i s  b a g  was removed and t i e d  o f f .  The tRNA was e x h a u s t i v e l y  
d i a l y z e d  a g a i n s t  1 mM Na^EDTA f o l l o w e d  by d i a l y s i s  a g a i n s t  t h r e e  
changes  o f  d i s t i l l e d  w a t e r .  I t  was t h e n  l y o p h i l i z e d  t o  d r y n e s s ,  
r e s u s p e n d e d  i n  100 u l  o f  d i s t i l l e d  w a t e r  and s t o r e d  a t  - 2 0°C. 
D e n a t u r a t i o n  o f  L a b e l e d  tRNA.
The tRNA was d e n a t u r e d  j u s t  b e f o r e  b e i n g  u s e d  by h e a t i n g  i n  
a 60°C w a t e r  b a t h  f o r  f i v e  m i n u t e s  i n  t h e  p r e s e n c e  o f  1 mM Na9EDTA
27
and  th e n  p l u n g i n g  t h e  tu b e  im m e d i a t e l y  i n t o  i c e .  The n a t i v e
o
c o n fo rm e r s  w ere  a l s o  h e a t e d  to  60 C f o r  f i v e  m i n u te s  b u t  i n  t h e  p r e s e n c e  
o f  10 mM MgCl0 ; t h e v  w e re  s l o w l y  c o o l e d  t o  room t e m p e r a t u r e .  Under 
t h e s e  c o n d i t i o n s  tRNA^011 assumes  i t s  two s t a b l e  c o n f o r m a t i o n s  ( 5 3 ) .  
R i b o n u c l e a s e  D i g e s t i o n .
D i g e s t i o n  o f  tRNAs w i t h  r i b o n u c l e a s e  was a c c o r d i n g  t o  ( H ) >
32 4P - l a b e l e d  tRNA (2 x 10 C eren k o v  cpm) was combined  w i t h  an amount
o f  u n l a b e l e d  c ru d e  y e a s t  tRNA s u f f i c i e n t  to  b r i n g  th e  t o t a l  to  10 ug ,
and l y o p h i l i z e d  t o  d r y n e s s .  I t  was r e s u s p e n d e d  i n  10 ul  o f  a
c o c k t a i l  w hich  c o n t a i n e d  20 mM N a C i t r a t e  pH 5 . 0 ,  1 mM Na? EDTA, 0.4%
e a c h  x y l e n e  c y a n o l  b l u e  and b ro m o p h e n o l  b l u e  d y e s ,  7 M u r e a  and
6 . 8  A-..- u n i t s / m l  o f  c r u d e  u n l a b e l e d  tRNA. The r e a c t i o n  m i x t u r e  was 260
p l a c e d  i n  a b o i l i n g  w a t e r  b a t h  f o r  60 s e c o n d s  and th e n  c o o l e d  r a p i d l y
i n  dry  i c e .  I t  was t h e n  i n c u b a t e d  w i t h  e i t h e r  0 . 0 7 5  o r  0 . 1 5 0  U o f
o
T^ r i b o n u c l e a s e  f o r  f i f t e e n  m i n u t e s  a t  55 C. The d i g e s t s  were  l o a d e d  
o n t o  t h e  g e l s  i m m e d i a t e l y .
P a r t i a l  NaOI? Diges  t i on
P a r t i a l  NaOH d i g e s t i o n s  w e re  p e r f o r m e d  a c c o r d i n g  to  t h e  p r o c e d u r e
( / O  ̂  ̂IL a b e l e d  tRNA (2 x 10 C erenkov  cpm) was com­
b i n e d  w i t h  u n l a b e l e d  c r u d e  y e a s t  tRNA t o  g i v e  a f i n a l  c o n c e n t r a t i o n
o f  10 A . , -  u n i t s / m l .  The s o l u t i o n  was made 50 mM i n  NaOH, immersed  260
in  a b o i l i n g  w a t e r  b a t h  f o r  20 o r  40 s e c o n d s ,  c h i l l e d  and n e u t r a l i z e d
w i t h  an e q u a l  volume o f  i c e  c o l d  50 mM HC1, f r o z e n  and l y o p h i l i z e d .
I t  was r e s u s p e n d e d  i n  5 u l  o f  l o a d i n g  dye .
P a r t i a l  P^ N u c le a s e  D i g e s t i o n .
P a r t i a l  P^ n u c l e a s e  d i g e s t i o n s  w ere  c a r r i e d  o u t  i n  a 10 o r  20 u l
r e a c t i o n  m i x t u r e  w h ich  c o n t a i n e d  t h e  f o l l o w i n g :  50 mM p o t a s s i u m
4
c a c c o d y l a t e  pH 7 . 0 ,  10 mM MgCl^, 2 x 10 cpm o f  l a b e l e d  tRNA and an
amount o f  c ru d e  u n l a b e l e d  tRNA s u f f i c i e n t  t o  g i v e  a f i n a l  c o n c e n t r a t i o n
o
o f  10 A„^„ u n i t s / m l .  I n c u b a t i o n s  w ere  a t  28 C f o r  t h e  t i m e s  and w i t h  
260
t h e  amounts o f  n u c l e a s e  shown i n  t h e  l e g e n d s  to  t h e  f i g u r e s .
The r e a c t i o n  was s t o p p e d  by t h e  a d d i t i o n  o f  one  volume eac h  of
50 mM NTA and  50 mil Na^EDTA, f o l l o w e d  by h e a t i n g  i n  a b o i l i n g  w a t e r
b a t h  f o r  s i x t y  s e c o n d s ,  im m e d ia te  f r e e z i n g  i n  powdered  d ry  i c e ,
l y o p h i l i z a t i o n  to  d r y n e s s  and  r e s u s p e n s i o n  i n  5 u l  o f  l o a d i n g  dye .
Gel E l e c t r o p h o r e s i s .
325 ' -  P - l a b e l e d  f r a g m e n t s  w ere  s e p a r a t e d  a c c o r d i n g  to  c h a i n  l e n g t h  
by  e l e c t r o p h o r e s i s  on a 30 x 55 x 0 . 0 3  cm p o l y a c r y l a m i d e  s l a b  g e l  ( 5 4 ) .  
The g e l s  w e re  p o u r e d  i n  two s e g m e n t s ,  a 2-4  cm " p l u g "  and  th e n  t h e  
body o f  t h e  g e l .  The g e l s  w e re  20% a c r y l a m i d e  w i t h  3.3% c r o s s l i n k i n g  
i n  7 M u r e a ,  50 mM T r i s - b o r a t e  pH 8 . 3 ,  and 1 mM Na? EDTA. The r u n n i n g  
b u f f e r  c o n t a i n e d  no u r e a .  Two g e l s  w ere  run  f o r  each  d i g e s t ,  one f o r  
a p p r o x i m a t e l y  21 h o u r s  o r  u n t i l  t h e  f a s t  moving dye had  m i g r a t e d  45 
cm down th e  g e l  and th e  o t h e r  f o r  42 h o u r s  o r  u n t i l  t h e  s low  moving 
dye had t r a v e l e d  t h e  same d i s t a n c e .  E l e c t r o p h o r e s i s  was a t  1000 v o l t s ,  
7-9 mA/ge.1 ( c o n s t a n t  v o l t a g e )  and room t e m p e r a t u r e .  T h i s  a l l o w e d  
r e s o l u t i o n  o f  s i x t y  f r a g m e n t s  i n  t h e  d i g e s t .
A u t o r a d i o g r a p h y  and D e n s i t o m e t r y .
Hie f r a g m e n t s  w ere  v i s u a l i z e d  by a u t o r a d i o g r a p h y  w i t h  Kodak XR-5 
X - ra y  f i l m  u s i n g  Cronex  L i g h t n i n g  P l u s  i n t e n s i f y i n g  s c r e e n s  a t  - 7 0  C 
i n  a d ry  i c e  c h e s t  ( 1 1 ) .  The i n t e n s i t y  o f  th e  b a n d s  was d e t e r m i n e d  
by  s c a n n i n g  th e  f i l m s  w i t h  a H e le n a  Quick  Scan d e n s i t o m e t e r .  D a ta  
from th e  two g e l s  o f  each  d i g e s t  w ere  n o r m a l i z e d  by co m p ar in g  t h e  
i n t e n s i t i e s  o f  th e  b a n d s  th e y  h a d  in  common. D a ta  w ere  e x p r e s s e d  as 
t h e  p e r c e n t a g e  o f  th e  t o t a l  r e a d a b l e  band  i n t e n s i t y  found  i n  each  
f r a g m e n t .
RESULTS
G e n e r a l  Comments
P a r a l l e l  e l e c t r o p h o r e s i s  o f  P , and  NaOH d i g e s t s  a l l o w s  
t h e  i d e n t i f i c a t i o n  o f  t h e  f r a g m e n t s  i n  t h e  g e l s .  Because  f r a g m e n t s  
p r o d u c e d  by  P^ n u c l e a s e  h a v e  3 ' - t e r m i n a l  h y d r o x y l s  w h i l e  t h o s e  from 
T^ o r  NaOH d i g e s t i o n  h a v e  3 ' - t e r m i n a l  p h o s p h a t e s ,  P^ f r a g m e n t s  
m i g r a t e  more s l o w l y  on t h e  g e l s .  T h e i r  p o s i t i o n s  a r e  s t a g g e r e d  w i t h  
r e s p e c t  t o  t h o s e  o f  t h e  T^ and  NaOH f r a g m e n t s  ( 4 2 ) .
S e n s i t i v i t y  o f  P^ N u c l e a s e  t o  S t r u c t u r a l  F e a t u r e s
Com par ison  o f  t h e  d i g e s t i o n  p a t t e r n s  i n  F i g u r e s  8 and 9 shows 
t h a t  P^ n u c l e a s e  i s  s e n s i t i v e  t o  d i f f e r e n c e s  i n  tRNA s t r u c t u r e .  I n  
F i g u r e  9 t h e  d i g e s t i o n  p a t t e r n s  o f  t h e  two c o n f o r m e r s  o f  y e a s t
Xj3UtRNA^ a r e  c l e a r l y  d i f f e r e n t .  The f r a g m e n t s  p ro d u c e d  by c l e a v a g e  i n
t h e  D l o o p  a r e  much more i n t e n s e  i n  t h e  a u t o r a d i o g r a m  o f  t h e  d e n a t u r e d
c o n f o r m e r  t h a n  i n  t h a t  o f  t h e  n a t i v e  o n e .  C o n v e r s e l y  t h e  a n t i c o d o n
f r a g m e n t s  a r e  more a b u n d a n t  i n  t h e  n a t i v e  t h a n  i n  t h e  d e n a t u r e d  l a n e s .
PheI n  c o n t r a s t ,  when tRNA i s  t r e a t e d  w i t h  t h e  same c o n d i t i o n s  w hich
Hi6  LLp ro d u c e d  t h e  two c o n f o r m a t i o n s  o f  tRNA^ , t h e  o n l y  d i f f e r e n c e  i n  t h e
d i g e s t i o n  p a t t e r n s  i s  t h e  o v e r a l l  e x t e n t  o f  d i g e s t i o n .  More o f  t h e
PtlGtRNA m o l e c u l e s  a r e  h y d r o l y z e d  i n  t h e  "tRNA (D)" t h a n  i n  t h e  
Phe"tRNA (N)" r e a c t i o n  m i x t u r e s ,  b u t  t h e  r e l a t i v e  band i n t e n s i t i e s  
w i t h i n  any l a n e  o f  t h e  a u t o r a d i o g r a m  r e m a in  t h e  same.  T h i s  i s  i n
Phe
F i g u r e  8 . P^ n u c l e a s e  d i g e s t i o n  p a t t e r n  o f  y e a s t  tRNA 
PheY e a s t  tRNA was d e n a t u r e d  and r e n a t u r e d  (33)  and t h e n  i n c u b a t e d
w i t h  200 ng P^ n u c l e a s e  p e r  A ^ q u n i t  o f  tRNA a t  28°C. The d i g e s t s
w e re  e l e c t r o p h o r e s e d  a t  1000 v f o r  18 (A) o r  42 (B) h o u r s .
Lanes  1 - 3 :  " N a t i v e  tRNA" was i n c u b a t e d  f o r  5 ,  10, and 16
m i n u t e s  r e s p e c t i v e l y  w i t h  t h e  P^ n u c l e a s e .
pin A
L ane s  4 - 6 :  "tRNA (D)" was i n c u b a t e d  f o r  5 ,  10, and 15
m i n u t e s  r e s p e c t i v e l y  w i t h  P^ n u c l e a s e .
Lane 7: P a r t i a l  NaOH d i g e s t i o n .
Lane 8:  P a r t i a l  r i b o n u c l e a s e  d i g e s t i o n .
Lane 9:  No enzyme c o n t r o l .
D o t t e d  c i r c l e s  r e f e r  t o  t h e  p o s i t i o n s  o f  t h e  m a rk e r  d y e s .
i l l
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Lsu
F i g u r e  9 . P a r t i a l  P^ n u c l e a s e  d i g e s t i o n  p a t t e r n  o f  tRNA^
Xj6liY e a s t  tRNA^ was i n c u b a t e d  w i t h  50 ng P^ n u c l e a s e  p e r  A ^ q u n i t  
tRNA a f t e r  b e i n g  c o n v e r t e d  t o  t h e  two c o n f o r m e r s  d e s c r i b e d  by 
L i n d a h l  ( 3 1 ) .  The d i g e s t s  w e re  e l e c t r o p h o r e s e d  f o r  18 (A) o r  42 (B) 
h o u r s  a t  1000 v .
Ij ̂  11
Lanes  1:  No enzyme c o n t r o l  f o r  tRNA^ ( N ) .
Lanes  2 - 4 :  The n a t i v e  c o n f o r m e r  was  i n c u b a t e d  w i t h  50 ng
n u c l e a s e  p e r  A -^ q u n i t  o f  tRNA f o r  1,  2, and 5
m i n u t e s  r e s p e c t i v e l y .
Lanes  5 - 7 :  The n a t i v e  c o n f o r m e r  was i n c u b a t e d  w i t h  100 ng
n u c l e a s e  p e r  u n i t  o f  tRNA f o r  1,  2, and 5
m i n u t e s  r e s p e c t i v e l y .
Lanes  7 & 8:  P a r t i a l  NaOH d i g e s t i o n  o f  t h e  tRNA f o r  20 and 40
s e c o n d s  r e s p e c t i v e l y .
Lanes  9 & 10:  P a r t i a l  T^ n u c l e a s e  d i g e s t i o n  o f  t h e  tRNA w i t h
0 .0 7 5  and  0 . 1 5 0  U o f  n u c l e a s e  r e s p e c t i v e l y .
Lanes  1 1 -1 3 :  As l a n e s  2-4  above  e x c e p t  t h a t  t h e  d e n a t u r e d
c o n f o r m e r  was u s e d .
Lanes  1 4 -1 7 :  As l a n e s  5 -7  above  e x c e p t  t h a t  t h e  d e n a t u r e d
c o n f o r m e r  was u s e d .
Lane 18:  No enzyme c o n t r o l  f o r  t h e  d e n a t u r e d  c o n f o r m e r .
D o t t e d  c i r c l e s  a r e  t h e  p o s i t i o n s  o f  t h e  dye m a r k e r s .
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a g r e e m e n t  w i t h  t h e  o b s e r v a t i o n  t h a t  y e a s t  tRNA h a s  o n l y  one
s t a b l e  c o n f o r m a t i o n  (33) and s e r v e s  a s  a  c o n t r o l  t o  r u l e  o u t  t h e
p o s s i b i l i t y  t h a t  t h e  d i f f e r e n c e s  i n  t h e  d i g e s t i o n  p a t t e r n s  o f  t h e
Lgutwo c o n f o r m e r s  o f  tRNA^ a r e  due t o  m e t h o d o l o g i c a l  a r t i f a c t s .
F i g u r e  10 shows a r e p r e s e n t a t i v e  d e n s i t o m e t e r  t r a c i n g  o f  a  
p o r t i o n  o f  t h e  g e l  shown i n  F i g u r e  8.  The d a t a  f rom t h e s e  t r a c i n g s  
(Table I I  and Table I I I )  w e re  u s e d  t o  c o n s t r u c t  t h e  h i s t o g r a m s  shown i n  
F i g u r e s  11 and 12 .  F i g u r e  11 shows t h e  a v e r a g e  band  i n t e n s i t i e s  
( a s  a  p e r c e n t  o f  t h e  t o t a l )  f o r  d i f f e r e n t  g r o u p s  o f  f r a g m e n t s .  B a r s  
a  t h r o u g h  d r e p r e s e n t  f r a g m e n t s  whose 3 ' - t e r m i n a l  r e s i d u e s  a r e  A, G,
U o r  C r e s p e c t i v e l y .  When t h i s  a v e r a g e  v a l u e  i s  m u l t i p l i e d  by t h e  
number o f  f r a g m e n t s  whose  3 ' - t e r m i n i  a r e  A, G, U o r  C and t h e  f o u r  
m u l t i p l i c a t i o n  p r o d u c t s  added  t o g e t h e r ,  t h e  t o t a l  i s  100%. Those  
l a b e l e d  e t h r o u g h  h  show t h e  r e l a t i o n s h i p  b e tw e e n  s tem  and lo o p
r e s i d u e s .  F i n a l l y ,  b a r s  i  t h r o u g h  q show t h e  r e l a t i v e  c l e a v a g e  o f
e a c h  o f  t h e  d i f f e r e n t  s e g m e n t s  o f  t h e  tRNA c h a i n ,  e . g .  t h e  a c c e p t o r
s t e m  ( i )  o r  t h e  a n t i c o d o n  l o o p  (m) .
I n  F i g u r e  12 t h e  ban d  i n t e n s i t i e s  o f  e a c h  f r a g m e n t  a r e  
r e p r e s e n t e d  a s  a  p e r c e n t a g e  o f  t h e  t o t a l  band  i n t e n s i t y  i n  t h e  
r e a d a b l e  p o r t i o n  o f  t h e  f i l m s .  The f r a g m e n t s  a r e  l a b e l e d  a c c o r d i n g  
t o  t h e i r  3 ' - t e r m i n a l  n u c l e o t i d e s ,  w h ich  a r e  numbered  a c c o r d i n g  t o  t h e  
s y s t e m  o f  Gauss (13) and a l i g n e d  so  t h a t  d i r e c t  c o m p a r i s o n s  can  be  
made among t h e  d i f f e r e n t  d i g e s t i o n  p a t t e r n s .
F i g u r e  1 0 . R e p r e s e n t a t i v e  d e n s i t o m e t e r  t r a c i n g  o f  a  p o r t i o n  o f  t h e  
g e l  i n  F i g u r e  8-
J O
; i




A v erage  P e r c e n t a g e s  o f  t h e  T o t a l  Band I n t e n s i t y  f o r  
F ragm en t  Groups  i n  Y e a s t  tRNA^ke
3*- T e r m i n i  A ve rage  % I n t e n s i t y
AA, m A 2 .4 9
G, m o d i f i e d  G, Y 1 . 7 8
U, D, T, 1 .3 4
5 4 C, m C, a c  C 0 . 9 5
Loop P u r i n e s 2 . 8 0
Stem P u r i n e s 1 . 8 0
Loop P y r i m i d i n e s 1 . 4 0
Stem P y r i m i d i n e s 0 . 9 0
A c c e p t o r  Stem 2 . 9 8
D Stem 0 . 6 4
D Loop 1 . 1 1
A n t i c o d o n  Stem 0 .5 7
A n t i c o d o n  Loop 0 . 7 9
V a r i a b l e  Loop 0 . 3 4
T Stem 0 . 2 4
T Loop 0 .8 9
" B r i d g e s " 1 .2 7
Figure 11. The average percent band intensity for the followin
g r o u p s o f  f r a g m e n t s :
a . F ra g m e n t s whose 3 ' - - t e r m i n i a r e A o r  m^A.
b . F rag m en t s whose 3 ' - - t e r m i n i a r e G, m o d i f i e d  G o r  Y
c. F ra g m e n t s whose 3 ' - - t e r m i n i a r e U, D, T,  o r
d . F ra g m e n t s whose 3 ’-- t e r m i n i a r e
5 4 C, m C, o r  ac  C.
e . F ra g m e n t s whose 3 ' - - t e r m i n i a r e l o o p  p u r i n e s .
f . F r a g m e n t s whose 3 ’-- t e r m i n i a r e s te m  p u r i n e s .
g- F ra g m e n t s whose 3 ' - - t e r m i n i a r e lo o p  p y r i m i d i n e s .
h . F ra g m e n t s whose 3 ' - - t e r m i n i a r e s te m  p y r i m i d i n e s .
i . F r a g m e n t s from t h e A c c e p t o r s tem .
3 • F rag m en t s f rom t h e D s tem .
k. F ra g m e n t s f rom t h e D l o o p .
1 . F ra g m e n t s from t h e a n t i c o d o n  s tem .
m. F rag m en t s from t h e a n t i c o d o n  lo o p .
n . F ra g m e n t s f rom t h e v a r i a b l e : lOOp.
o . F ra g m e n t s from t h e T s tem .
P- F rag m en t s from t h e T l o o p .
q- F rag m en t s f rom t h e " b r i d g e s n
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P e r c e n t  o f  t h e  T o t a l  Band I n t e n s i t y  i n  Each F ragm en t
R e s i d u e  % o f  T o t a l  I n t e n s i t y  
Phe Leu(N) Leu(D)
1 7 .2 1 . 2 6 . 4
2 4 . 3 1 1 . 1 4 . 0
3 4 . 3 - 0- 0 . 7
4 2 . 4 2 . 4 0 . 7
5 8 . 2 4 . 3 0 . 7
6 8 . 0 1 . 5 1 . 9
7 2 . 5 1 . 6 1 . 7
8 3 . 0 1 . 3 1 . 0
9 3 . 9 1 . 8 2 . 1
10 0 .7 1 . 4 0 . 5
11 1 . 4 1 . 3 1 . 0
12 0 . 6 2 . 2 1 . 2
13 1 . 2 3 .4 5 . 2
14 3 . 0 4 . 5 8 . 1
15 1 . 3 4 . 8 1 8 . 1
16 0 . 2 4 . 7 7 . 9
R e s id u e  % o f  T o t a l  I n t e n s i t y  
Phe Leu(N) Leu(D)
34 - 0- 1 . 8 0 . 7
35 0 . 8 1 . 6 1 . 2
36 2 . 6 2 . 3 1 . 2
37 0 . 8 0 . 4 0 . 2
38 1 . 7 0 . 8 0 . 5
39 0 . 2 - 0- - 0-
40 0 . 3 0 . 2 - 0-
41 0 . 8 1 . 6 1 . 4
42 1 . 7 1 . 4 1 . 0
43 1 . 8 2 . 1 1 . 2
44 1 . 0 0 . 2 - 0-
45 1 . 1 0 . 4 0 . 5
46 0 . 7 0 . 2 - 0-
47 0 . 4 - 0 - 0 . 5
4 7 :1 ----- 2 . 3 1 . 0
4 7 :2 0 . 3 0 . 2
TABLE III (continued)
% o f  T o t a l  I n t e n s i t y  R e s i d u e  % o f  T o t a l  I n t e n s i t y
Phe  Leu(N) Leu(D) Phe Leu(N) (Leu(D)
17 0 . 3 ----- ----- 4 7 : 3 ----- 2 . 5 1 . 0
18 2 . 6 - 0- - 0- 4 7 :4 ----- 0 . 6 0 . 5
19 3 . 3 5 . 0 0 . 2 4 7 :5 ----- 0 . 8 0 . 7
20 3 . 0 0 . 2 0 . 2 4 7 :6 ----- 1 . 8 1 . 0
20:1 ----- 1 . 6 2 . 1 4 7 :7 ----- 0 . 6 0 . 5
20:2 ----- - 0 - 0 . 5 4 7 :8 ----- 0 . 2 0 . 2
21 1 . 9 1 . 6 1 . 2 48 0 . 4 0 . 6 0 .7
22 1 . 1 0 . 6 0 .7 49 0 . 8 0 . 8 0 . 7
23 1 . 4 0 . 4 0 . 2 50 0 . 2 0 . 2 0 . 2
24
cn' 
!-1 2 . 3 0 . 2 51 0 . 2 0 . 6 0 . 5
25 1 . 3 0 . 4 0 . 2 52 0 . 3 2 . 5 1 . 0
26 0 . 3 0 . 2 - 0- 53 0 . 4 0 . 6 0 . 5
27 0 . 4 - 0- 0 . 2 54 0 . 8 0 . 4 0 . 5
28 0 . 3 - 0- 0 . 2 55 0 . 1 - 0- - 0-
29 1 . 1 - 0- 1 . 0 56 0 . 4 0 . 4 0 . 2
30 1 . 1 1 . 6 1 . 7 57 0 . 8 0 . 8 0 . 5
31 2 . 2 3 .5 0 . 5 58 2 . 1 1 . 0 1 . 0
32 - 0- - 0- 0 . 7 59 2 . 3 0 . 8 1 . 0
33 0 . 0 4 0 . 4 0 .7 60 1 . 1 1 . 4 0 . 2
Figure 12. Percent of Total Readable Band Intensity in Each Fragment.
PheA. D i g e s t i o n  P a t t e r n  o f  tRNA
Leu , ,B. D i g e s t i o n  P a t t e r n  o f  tRNA^ (N)
T pi i
C. D i g e s t i o n  P a t t e r n  o f  tRNA^ (D)






















PheP a r t i a l  P^ N u c l e a s e  D i g e s t i o n  o f  tRNA
F i g u r e  11 and P a r t  A o f  F i g u r e  12 show t h e  p a r t i a l  P^
Phen u c l e a s e  d i g e s t i o n  p r o f i l e  o f  y e a s t  tRNA . I t  c an  b e  s e e n  t h a t  t h e
c l e a v a g e  on t h e  3 ’ - s i d e  o f  G and  A r e s i d u e s  t o o k  p l a c e  p r e f e r e n t i a l l y
t o  t h e  c o r r e s p o n d i n g  e v e n t  a f t e r  p y r i m i d i n e s .  The n u c l e o t i d e s  D, Cm
and Gm a r e  o n l y  w e a k ly  h y d r o l y z e d  by t h e  enzyme. W i t h i n  t h e  c o n t e x t
o f  n u c l e o t i d e  p r e f e r e n c e ,  h o w ev e r ,  t h e  f r a g m e n t s  p r o d u c e d  by  c l e a v a g e
i n  l o o p  r e g i o n s  a r e  more  a b u n d a n t  t h a n  t h o s e  from t h e  s t e m  r e g i o n s .
N e v e r t h e l e s s  t h e r e  a r e  e x c e p t i o n s  t o  t h i s  s t e m / l o o p  r u l e .  T h e r e  a r e
lo o p  f r a g m e n t s  w h ich  seem t o  b e  r e l a t i v e l y  s c a r c e ,  and s t e m  f r a g m e n t s
w h ich  seem t o  b e  a n o m a l o u s l y  o v e r - r e p r e s e n t e d  i n  t h e  p r o f i l e .  They
a r e  t h o s e  w i t h  3 ' - t e r m i n a l  r e s i d u e s  G^ t h r o u g h  ( t h e  a c c e p t o r  s tem )
2
and A~, , w h ich  a r e  o v e r a b u n d a n t ,  and G , c , A0 1 , m„G0 £ , U„„ ,  AOOJ A . . ,31 15 2 1 ’ 2 26 33 38 44
G/ c , m^G, , ,  U , . , ,  T_, , c c , Cc , ,  G--,, and C , n , w h ich  a r e  a l l  to o  45 46 4 7 ’ 5 4 ’ 55 56 57 60
s c a r c e  ( F i g u r e  12 and T a b l e  I V ) .
y p i i
P a r t i a l  P^ N u c l e a s e  D i g e s t i o n  o f  Y e a s t  tRNA,,__
L
The d i g e s t i o n  p a t t e r n  o f  tRNA^ (N) i s  shown i n  P a r t  B o f
F i g u r e  12.  L i k e  i t s  p h e n y l a l a n i n e - a c c e p t i n g  c o u n t e r p a r t  i t  i s  c l e a v e d
a t  p u r i n e s  i n  p r e f e r e n c e  t o  p y r i m i d i n e s ;  l o o p  r e g i o n s  a r e  d i g e s t e d  by
t h e  n u c l e a s e  more f r e q u e n t l y  t h a n  s t e m  r e g i o n s .  A ls o  s i m i l a r  to  t h e  
PhetRNA p a t t e r n  i s  t h e  e x i s t e n c e  o f  a n o m a l o u s l y  l i g h t  o r  d a r k  bands  i n
PtlSt h e  a u t o r a d i o g r a m  ( T a b l e  V ) . U n l i k e  t h e  d i g e s t i o n  p r o f i l e  o f  tRNA ,
L&ut h e  p a t t e r n  f o r  tRNA^ (N) shows r e l a t i v e l y  good d i g e s t i o n  o f  t h e  D 
s t e m  and  p o o r e r  c l e a v a g e  o f  t h e  a n t i c o d o n  and T l o o p s .
TABLE IV
P tl 6A n o m a l o u s  F r a g m e n t s  i n  t h e  P r o f i l e  o f  tRNA
U n d e r - r e p r e s e n t e d  L o o p  R e s i d u e s
* + +
D L o o p G1 5 ’ ° 1 6  ’ ° 1 7  ’ A2 1







V a r . L o o p A44 ’ G. - , 4o ’ m G46 ’ U4 7
* * * *
T .  L o o p  








O v e r - r e p r e s e n t e d  S t e m  R e s i d u e s
A c c .  S t e m  A l l  r e s i d u e s
A n t  . S t e m  A ^
A c c o u n t e d  f o r  b y  t e r t i a r y  i n t e r a c t i o n s  
A c c o u n t e d  f o r  b y  b a s e  s p e c i f i c i t y  o f  n u c l e a s e
TABLE V
Leu .
Anomalous  F ra g m e n t s  i n  t h e  P r o f i l e  o f  tRNA^ (N)
U n d e r - r e p r e s e n t e d  Loop R e s i d u e s
D Loop
•f. -j_ -f. 
° 2 0 ’ ° 2 0 : 2 ’ Gm18
A n t .  Loop * 1 C3 8 ’ m G37
V ar .  Loop A4 7 :4
T Loop T54,  * 5 5 ’ C5 6 ’ G5 7 ’ A58» A59
O v e r - r e p r e s e n t e d  s t e m  r e s i d u e s
Acc.  Stem G2 ’ G5
A nt .  Stem A31
*
A c co u n te d  f o r  by  t e r t i a r y  i n t e r a c t i o n s .
+A c co u n te d  f o r  by t h e  b a s e  s p e c i f i c i t y  o f  n u c l e a s e .
The d i g e s t i o n  p a t t e r n  f o r  tRNA^ (D) c o n t r a s t s  m a r k e d ly  w i t h  
t h a t  o f  t h e  n a t i v e  c o n f o r m e r .  A l th o u g h  t h e  same g e n e r a l  b a s e  
p r e f e r e n c e s  s t i l l  a p p l y  t h e  D l o o p  i s  much d a r k e r  and t h e  a n t i c o d o n  
lo o p  much l i g h t e r  t h a n  t h e  c o r r e s p o n d i n g  r e g i o n s  on t h e  a u t o r a d i o g r a m s  
o f  t h e  n a t i v e  s t r u c t u r e .  The p a t t e r n s  a r e  s i m i l a r ,  h o w e v e r ,  i n  t h e  
r e g i o n s  o f  t h e  v a r i a b l e  a rm,  T s t e m  and  T l o o p .
DISCUSSION
G e n e r a l  F e a t u r e s  o f  P a r t i a l  N u c l e a s e  D i g e s t i o n  P r o f i l e s
The g e n e r a l  f e a t u r e s  o f  t h e  p a r t i a l  n u c l e a s e  d i g e s t i o n  
Phep r o f i l e  o f  y e a s t  tRNA ( F i g u r e  11) show t h a t  t h e  enzyme i s  s e n s i t i v e  
t o  t h r e e  a s p e c t s  o f  tRNA s t r u c t u r e .  F i r s t ,  i t  r e f l e c t s  t h e  s e q u e n c e  
o f  n u c l e o t i d e s  i n  t h e  c h a i n  by  e x h i b i t i n g  a  g r o s s  p r e f e r e n c e  f o r  
p u r i n e s  o v e r  p y r i m i d i n e s .  Second ,  w i t h i n  t h i s  c o n t e x t  o f  n u c l e o t i d e  
p r e f e r e n c e ,  i t  c l e a v e s  p h o s p h o d i e s t e r  bonds  i n  lo o p  r e g i o n s  more 
r a p i d l y  t h a n  t h o s e  f rom  s te m  r e g i o n s  o f  t h e  tRNA c l o v e r l e a f .  T h i r d ,  
h y d r o l y s i s  i s  i n h i b i t e d  by  t h e  p r e s e n c e  o f  h y d r o g e n  bonds  w h ich  
s t a b i l i z e  t h e  t e r t i a r y  s t r u c t u r e  o f  t h e  tRNA m o l e c u l e .  The d e g r e e  o f  
s e n s i t i v i t y  t o  e a c h  o f  t h e s e  s t r u c t u r a l  f e a t u r e s  i s  g r e a t e s t  f o r  t h e  
n u c l e o t i d e  p r e f e r e n c e  and l e a s t  f o r  t h e  i n h i b i t i o n  by t e r t i a r y  
h y d ro g e n  b o n d s ,  b u t  e a c h  e f f e c t  can  b e  s e e n  w i t h i n  t h e  c o n t e x t  o f  t h e  
o t h e r s .
B ars  a t h r o u g h  d o f  F i g u r e  11 show t h e  n u c l e o t i d e  p r e f e r e n c e s  
o f  P^ n u c l e a s e .  C le a v a g e  t a k e s  p l a c e  a t  t h e  3 ' - e n d s  o f  a d e n y l a t e s  
a p p r o x i m a t e l y  2 . 5  t i m e s  f a s t e r  t h a n  t h e  c o r r e s p o n d i n g  e v e n t  a f t e r  
c y t i d y l a t e  r e s i d u e s .  T h i s  s e q u e n c e  i s  c o n s i s t e n t  w i t h  d a t a  w hich  w ere  
p u b l i s h e d  p r e v i o u s l y  by  F u j im o to  e t  a t .  ( 4 6 ) .  T h es e  a u t h o r s  s t u d i e d  
t h e  p h o s p h o d i e s t e r a s e  a c t i v i t y  o f  P^ n u c l e a s e  w i t h  v a r i o u s  homopolymers .  
They found  t h a t ,  a t  pH 7 . 0 ,  t h e  maximum r a t e  o f  h y d r o l y s i s  o f  p o l y  A
was much g r e a t e r  t h a n  t h a t  o f  p o l y  C o r  p o l y  U, w h ich  w e re  n e a r l y  e q u a l .  
A l th o u g h  t h e y  c o u l d  d e m o n s t r a t e  no c l e a v a g e  o f  p o l y  G w i t h  n u c l e a s e  
t h e  enzyme e x h i b i t e d  i t s  g r e a t e s t  p h o s p h o m o n e s t e r a s e  a c t i v i t y  w i t h  
3 ’-GMP. S i n c e  p o l y  G i s  known t o  h a v e  a complex  s t r u c t u r e  i n  s o l u t i o n  
(55) t h e  i n a b i l i t y  o f  t h e  n u c l e a s e  t o  h y d r o l y z e  i t  was i n t e r p r e t e d  a s  
r e f l e c t i n g  s e n s i t i v i t y  t o  s t r u c t u r a l  f e a t u r e s .  The r e s i d u e s  D, Cm and 
Gm i n h i b i t  p h o s p h o d i e s t e r a s e  a c t i v i t y  s u b s t a n t i a l l y  ( s e e  r e f e r e n c e  10) 
b u t  o t h e r w i s e  c l e a v a g e  t a k e s  p l a c e  a t  a l m o s t  e v e r y  s i t e .
The p r e f e r e n c e  o f  n u c l e a s e  f o r  l o o p  r e s i d u e s  ( b a r s  e t h r o u g h  
h o f  F i g u r e  11) i s  n o t  a s  s t r o n g  a s  t h a t  f o r  p u r i n e s  o v e r  p y r i m i d i n e s ,  
b u t  i t  i s  s i g n i f i c a n t  n o n e t h e l e s s .  T h i s ,  a g a i n ,  i s  i n  a g r e e m e n t  w i t h  
p u b l i s h e d  k i n e t i c  p a r a m e t e r s .  The r a t e  o f  c l e a v a g e  o f  s i n g l e - s t r a n d e d  
p o l y  I  o r  p o l y  C i s  t w e n t y  t o  t h i r t y  t i m e s  g r e a t e r  t h a n  t h a t  o f  d u p l e x  
p o l y  I  p o l y  C ( 4 6 ) .  I n  t h e  same p u b l i c a t i o n  t h e  a u t h o r s  showed t h a t  
n a t i v e  DNA was c o m p l e t e l y  r e s i s t a n t  t o  n u c l e o l y t i c  a t t a c k  w h i l e  t h e  
h e a t  d e n a t u r e d  m a t e r i a l  c o u l d  be  h y d r o l y z e d .
These  two a s p e c t s  o f  t h e  s e n s i t i v i t y  o f  P^ n u c l e a s e  t o  t h e
s t r u c t u r e  o f  i t s  s u b s t r a t e  a r e  n o t  s u f f i c i e n t  t o  e x p l a i n  t h e  d i g e s t i o n
p a t t e r n s ,  how ever .  B a r s  i  t h r o u g h  q show t h e  a v e r a g e  band i n t e n s i t i e s
Ptl0o f  e a c h  o f  t h e  s e g m e n t s  o f  t h e  c l o v e r l e a f  o f  tRNA . W hi le  i t  i s  t r u e  
t h a t ,  i n  g e n e r a l ,  f r a g m e n t s  whose 3 ' - t e r m i n i  a r e  i n  t h e  lo o p  r e g i o n s  
a r e  more  a b u n d a n t  t h a n  t h o s e  f rom t h e  s tem s  t h e r e  a r e  i n d i v i d u a l  
f r a g m e n t s  w h ich  a r e  e i t h e r  o v e r - r e p r e s e n t e d  o r  u n d e r - r e p r e s e n t e d .  The 
f r a g m e n t s  from t h e  f o u r  l o o p s  o f  t h e  tRNA ( b a r s  k ,  m, n and p) r e f l e c t  
d i f f e r e n t  e x t e n t s  t o  w h ich  e a c h  lo o p  i s  i n v o l v e d  i n  t e r t i a r y  h y d ro g e n
b o n d in g  i n t e r a c t i o n s  w h ich  s t a b i l i z e  t h e  tRNA's t h r e e - d i m e n s i o n a l  
s t r u c t u r e .  A lmost  a l l  o f  t h e  n u c l e o t i d e s  o f  t h e  v a r i a b l e  lo o p  
p a r t i c i p a t e  i n  t h e s e  h y d r o g e n  b o n d s ,  w h i l e  o n l y  f i v e  o f  t h e  e i g h t  b a s e s  
o f  t h e  D lo o p  do s o .
I n  a d d i t i o n  t h e  a c c e p t o r  s t e m  ( b a r  i ,  F i g u r e  11) i s  o v e r ­
r e p r e s e n t e d  i n  t h e  p r o f i l e .  T h i s  i s  p r o b a b l y  an a r t i f a c t  o f  t h e  
l a b e l l i n g  m e th o d s .  P^ n u c l e a s e  i s  known t o  p r e f e r  s h o r t  f r a g m e n t s  o f  
RNA t o  i n t a c t  tRNA. T h i s  low m o l e c u l a r  w e i g h t  m a t e r i a l  i s  h y d r o l i z e d  
a t  a  f a s t e r  r a t e  and w i t h  a  h i g h e r  pH optimum t h a n  t h e  i n t a c t  
m o l e c u l e s  ( 4 6 ) .  For  t h i s  r e a s o n  a  r e s i d u a l  l e v e l  o f  " d o u b l e  h i t "  
c l e a v a g e  i s  d i f f i c u l t  t o  a v o i d .  When o n l y  t h o s e  f r a g m e n t s  w h ich  
c o n t a i n  t h e  5 ' - t e r m i n a l  p h o s p h a t e  a r e  c o u n t e d  t h e  e f f e c t  o f  t h i s  
s e c o n d a r y  h y d r o l y s i s  i s  t o  i n c r e a s e  t h e  number o f  s h o r t e r  b a n d s  i n  
t h e  a u t o r a d i o g r a m .  P o s t - l a b e l l i n g  t e c h n i q u e s  c o u l d  o b v i a t e  t h i s  
b i a s  ( s e e  b e l o w ) .
PllGCom par ison  o f  t h e  D i g e s t i o n  P a t t e r n  o f  Y e a s t  tRNA w i t h  i t s  
Known T e r t i a r y  S t r u c t u r e
F i g u r e  12 ( P a r t  A) shows t h e  r e l a t i v e  band i n t e n s i t i e s  f o r  a l l  
s i x t y  o f  t h e  r e a d a b l e  f r a g m e n t s  i n  t h e  g e l .  The g e n e r a l  r u l e s  t h a t  
p u r i n e s  a r e  more l i k e l y  to  be  c l e a v e d  t h a n  p y r i m i d i n e s  and t h a t  lo o p  
f r a g m e n t s  a r e  more a b u n d a n t  t h a n  t h o s e  from t h e  s tem s  a r e  b o r n e  o u t .
On i n s p e c t i o n  o f  t h e  p r o f i l e s  t h e r e  a r e ,  how ever ,  s e v e r a l  f r a g m e n t s  
w h ich  seem t o  be  o v e r -  o r  u n d e r - r e p r e s e n t e d .  T hese  a r e  l i s t e d  i n  
T a b l e  IV. The r e l a t i v e  abundance  o r  s c a r c i t y  o f  t h e s e  f r a g m e n t s  can  
be  u n d e r s t o o d  i n  t e rm s  o f  t h e  t h r e e - d i m e n s i o n a l  s t r u c t u r e  o f  t h e  tRNA 
m o l e c u l e .
T h i r t e e n  o f  t h e  e i g h t e e n  a n o m a lo u s ly  s c a r c e  f r a g m e n t s  can  be
a c c o u n t e d  f o r  by t e r t i a r y  h y d ro g e n  b o n d i n g .  The n u c l e o t i d e s  G^,- and
C/Q a r e  i n v o l v e d  i n  a W a t s o n - C r i c k  b a s e  p a i r  i n  t h e  t e r t i a r y  s t r u c t u r e ;  
4 o
t h e i r  b a n d s  a r e  l i g h t e r  t h a n  t h o s e  o f  t h e i r  n e i g h b o r s .  S i m i l a r l y  Agg
i s  i n v o l v e d  i n  a b a s e - b a s e  i n t e r a c t i o n  w i t h  Cm^* ^ t s  f r a gm e n t > t o o ,
i s  l i g h t e r  t h a n  t h o s e  o f  o t h e r  a d e n o s i n e s  i n  t h e  a n t i c o d o n  l o o p .  A l l
o f  t h e  r e s i d u e s  o f  t h e  v a r i a b l e  l o o p  e x c e p t  a r e  i n v o l v e d  i n
h y d r o g e n  b o n d in g  w i t h  o t h e r  b a s e s  i n  t h e  tRNA s t r u c t u r e .  T h i s  l o o p  i s
2
g e n e r a l l y  d e p r e s s e d  i n  F i g u r e s  11 and 12.  The m2^26 r e s a c *ue be tw ee n
t h e  D and a n t i c o d o n  s t e m s  i n t e r a c t s  w i t h  A . . ;  i t s  band i s  a l m o s t  a b s e n t44
f rom t h e  a u t o r a d i o g r a m s .  The n u c l e o t i d e s  Ag^, ^ 3 3 ’ ^54* ^ 5 5 ’ ^ 5 6 ’ anc*
G ^  a r e  a l s o  a l l  i n v o l v e d  i n  t e r t i a r y  i n t e r a c t i o n s  ( s e e  T a b l e  I )  and
t h e i r  f r a g m e n t s  a r e  a l l  r e l a t i v e l y  s c a r c e  on t h e  g e l s .  Of t h e  f i v e
r e m a i n i n g  u n d e r - r e p r e s e n t e d  f r a g m e n t s ,  t h e  r e s i d u e s  D^b’ ^ 7 ’ ^m3 o anb
G m^ a r e  r e s i s t a n t  t o  n u c l e a s e  a t t a c k  i n  g e n e r a l  ( s e e  r e f e r e n c e  10 )
and i s  a p p a r e n t l y  b u r i e d  i n  t h e  tRNA s t r u c t u r e .
The c o n v e r s e  s t a t e m e n t  i s  a l s o  l a r g e l y  t r u e .  Most o f  t h e
t w e n t y - t w o  lo o p  n u c l e o t i d e s  w h ich  a r e  i n v o l v e d  i n  t e r t i a r y  i n t e r a c t i o n s
a r e  a l s o  t h e  o n e s  whose b a n d s  a r e  w eake r  on t h e  a u t o r a d i o g r a m s .  Two
e x c e p t i o n s  a r e  G.. 0 and G ,„ .  These  r e s i d u e s  p a r t i c i p a t e  i n  h y d ro g e n  l o  iy
b o n d in g  w i t h  b a s e s  i n  t h e  v a r i a b l e  l o o p ,  b u t  t h e i r  f r a g m e n t s  a r e  a s  
a b u n d a n t  a s  t h a t  w h ich  t e r m i n a t e s  w i t h  Ggg. Schmid t  e t  a t .  (56)
PllBo b t a i n e d  s i m i l a r  r e s u l t s  i n  t h e i r  d i g e s t i o n  o f  n a t i v e  y e a s t  tRNA
w i t h  T^ r i b o n u c l e a s e .  The f i n a l  d i g e s t i o n  p r o d u c t s  w ere  pG^-G^g,
A01- G c-, and A_ -C_ • G_ and G, n were  m i s s i n g  f rom t h e  5 ' - t e r m i n a l  21 0 / 00 /b  l o  i y
q u a r t e r  m o l e c u l e .  B e c a u se  GgQ i s  more a c c e s s i b l e  t o  c h e m i c a l  m o d i f i ­
c a t i o n  t h a n  e i t h e r  G.^ o r  G ^  ( 3 0 ) ,  t h e  d a t a  were  i n t e r p r e t e d  ( 1 4 , 5 6 )  
a s  r e p r e s e n t i n g  i n i t i a l  c l e a v a g e  a t  GgQ f o l l o w e d  by  r e m o v a l  o f  t h e  two 
3 ' - t e r m i n a l  g u a n i d y l a t e s  f rom t h e  r e s u l t i n g  f r a g m e n t .  T h i s  i s  l i k e l y  
t o  be  t h e  c a s e  f o r  P^ d i g e s t i o n ,  t o o .  The o v e r a b u n d a n c e  o f  f r a g m e n t s  
e n d i n g  i n  Ug and  amy, a g a i n ,  be  t h e  r e s u l t  o f  s e c o n d a r y  c l e a v a g e ,  a s  
p r e v i o u s l y  d i s c u s s e d .  The o n l y  o t h e r  e x c e p t i o n s  a r e  t h e  f r a g m e n t s  
p G ^ - A ^  and pG^-m^Agg. The e x p l a n a t i o n  f o r  t h e i r  e x t r a o r d i n a r y  s u s c e p ­
t i b i l i t y  t o  n u c l e a s e  i s  l e s s  c l e a r .  The r e s i d u e  ni^Agg i s  a t  a  s h a r p  
bend  i n  t h e  T l o o p ,  so t h e  i n h i b i t i o n  by i t s  t e r t i a r y  h y d ro g e n  bond 
may be  r e d u c e d  by i t s  p r o t r u s i o n  a t  t h e  c o r n e r  o f  t h e  m o l e c u l e .
The anom alous  s t e m  f r a g m e n t s  a r e  t h o s e  w h ich  seem t o  be  o v e r ­
a b u n d a n t  i n  t h e  p r o f i l e .  The h i g h e r  i n t e n s i t i e s  o f  t h e  f i r s t  s e v e n  
b a n d s  h a s  a l r e a d y  b e e n  d i s c u s s e d  ( s e e  t h e  G e n e r a l  Comments a b o v e ) .
The e x p l a n a t i o n  f o r  t h e  o v e r a b u n d a n c e  o f  f r a g m e n t  pG-^-Ag^ f o l l o w s  t h e  
same l i n e  o f  r e a s o n i n g  a s  t h a t  f o r  t h e  f r a g m e n t  pG^-m^A^g w h ich  was 
d i s c u s s e d  i n  t h e  p r e c e d i n g  p a r a g r a p h .  Ag^ i s  n e a r  a  s h a r p  bend  o f  
t h e  a n t i c o d o n  l o o p .  T h i s  may r e n d e r  i t  more a c c e s s i b l e  t o  t h e  
n u c l e a s e  t h a n  wou ld  b e  e x p e c t e d  f rom t h e  f a c t  t h a t  i t  i s  f l a n k e d  by 
two h y d ro g e n  bonded  b a s e  p a i r s ,  Gg^ and m^C^Q o f  t h e  a n t i c o d o n  s tem  
and Cmg9 w i t h  Agg o f  t h e  a n t i c o d o n  l o o p .
In  g e n e r a l ,  t h e n ,  t h r e e  r u l e s  g o v e r n  t h e  b e h a v i o r  o f  P^ n u c l e a s  
Phew i t h  t h e  y e a s t  tRNA a s  a s u b s t r a t e .  F i r s t ,  c l e a v a g e  t a k e s  p l a c e  a t
t h e  3 ' - s i d e  o f  p u r i n e s  i n  p r e f e r e n c e  t o  t h e  c o r r e s p o n d i n g  e v e n t  a f t e r  
p y r i m i d i n e s .  S econd ,  l o o p  r e g i o n s  a r e  more  s e n s i t i v e  t h a n  s t e m  r e g i o n s  
T h i r d ,  t h e  p r e s e n c e  o f  t e r t i a r y  h y d ro g e n  bonds  i n h i b i t s  th e
p h o s p h o d i e s t e r a s e  a c t i v i t y  o f  P^ n u c l e a s e .  These  t h r e e  g e n e r a l i z a t i o n s
a r e  a d e q u a t e  t o  e x p l a i n  a l l  b u t  t h r e e  o f  t h e  ban d  i n t e n s i t i e s  o b s e r v e d
Phei n  t h e  a u t o r a d i o g r a m  o f  t h e  tRNA d i g e s t .  Even t h e  a n o m a l i e s  w hich  
t h e s e  t h r e e  f r a g m e n t s  r e p r e s e n t  may p r o v i d e  u s e f u l  i n f o r m a t i o n  a b o u t  
t h e  s t r u c t u r e  o f  tRNA i n  s o l u t i o n .
PheV a r i o u s  o t h e r  d i g e s t i o n s  o f  y e a s t  tRNA h ave  b e e n  c a r r i e d  
o u t  ( 3 8 , 5 3 - 6 1 ) .  I n  g e n e r a l  t h e y  h a v e  shown t h a t  (1)  s tem  r e g i o n s  
a r e  more  r e s i s t a n t  t o  n u c l e o l y t i c  c l e a v a g e  t h a n  lo o p  r e g i o n s ,  ( 2 ) 
o f  t h e  l o o p s  t h e a a n d  8 r e g i o n s  o f  t h e  D lo o p  a r e  t h e  mos t  s u s c e p t i b l e ,  
f o l l o w e d  by  t h e  a n t i c o d o n  lo o p  and t h e  CCA t e r m i n u s ,  and (3)  t h e  
v a r i a b l e  l o o p  and T l o o p  a r e  r e l a t i v e l y  i n a c c e s s i b l e  t o  n u c l e a s e s .
L i k e  t h e  c h e m i c a l  m o d i f i c a t i o n  s t u d i e s  ( 2 2 -3 1 )  t h e s e  e x p e r i m e n t s  b e a r  
o u t  t h e  p r o p o s e d  s e c o n d a r y  s t r u c t u r e ,  and t h e  d a t a  f rom t h e  P^ n u c l e a s e  
d i g e s t i o n s  i s  i n  good a g r e e m e n t .  U n l i k e  them,  how eve r ,  t h e  P^ 
d i g e s t i o n  a l l o w s  d i r e c t  c o m p a r i s o n  o f  a l l  o f  t h e  r e s i d u e s  i n  t h e  
tRNA c h a i n .
Com par ison  o f  t h e  D i g e s t i o n  P a t t e r n  o f  tRNA^ eu w i t h  i t s  S t r u c t u r e
A c o m p a r i s o n  o f  t h e  p a r t i a l  P^ n u c l e a s e  d i g e s t i o n  p r o f i l e  w i t h  
t h e  c l o v e r l e a f  s t r u c t u r e  o f  y e a s t  tRNA^ (N) shows t h a t  l o o p  r e g i o n s  
a r e  g e n e r a l l y  more a c c e s s i b l e  t h a n  s tem  r e s i d u e s ,  w i t h  t h e  same 
e x c e p t i o n  t h a t  t h e  a c c e p t o r  s t e m  f r a g m e n t s  a r e  o v e r - r e p r e s e n t e d  
( F i g u r e  1 2 ) .  An i n t e r e s t i n g  p o i n t  h e r e  i s  t h a t  t h e  n u c l e o t i d e s  and 
A^2 t h e  f o u r t h  p a i r  o f  b a s e s  i n  t h e  D s tem .  R ic h  ( 1 4 , 1 9 , 2 0 )  h a s  
s u g g e s t e d  t h a t ,  even  th o u g h  t h e y  a r e  n o t  h y d r o g e n  bonded t o g e t h e r ,  t h e y
a r e  s t a c k e d  on t h e  b a s e s  o f  t h e  D s tem  and form a c o n t i n u o u s  p a r t  o f  
t h e  D - a n t i c o d o n  h e l i x .  I f  t h i s  i s  t r u e  t h e n  t h e  s u s c e p t i b i l i t y  o f  a 
p h o s p h o d i e s t e r  bond t o  h y d r o l y s i s  by P^ n u c l e a s e  i s  i n h i b i t e d  a s  much 
by h y d r o g e n  b o n d i n g  a s  by  b a s e  s t a c k i n g .  The f r a g m e n t  e n d i n g  w i t h  
i s  o n l y  s l i g h t l y  l e s s  a b u n d a n t  t h a n  n e i g h b o r i n g  f r a g m e n t s  f rom t h e  D 
l o o p ;  t h a t  o f  i s  r e d u c e d ,  how eve r .
Phe
B eca u se  t h e  t h r e e - d i m e n s i o n a l  s t r u c t u r e  o f  y e a s t  tRNA i s  
s t a b i l i z e d  by  b a s e  s t a c k i n g  and  by i n t e r a c t i o n s  among t h e  t w e n t y - o n e  
i n v a r i a n t  o r  s e m i v a r i a n t  n u c l e o t i d e s  i t s  s t r u c t u r e  i s  t h o u g h t  t o  be
a d o p t e d  by  o t h e r  s e q u e n c e s .  E x t r a p o l a t i o n  o f  t h e  t h r e e - d i m e n s i o n a l
P h e  L gxx
s t r u c t u r e  o f  y e a s t  tRNA t o  y e a s t  tRNAg (N) a l l o w s  p r e d i c t i o n  o f
t h e  r e s i d u e s  w h ic h  may b e  i n v o l v e d  i n  t e r t i a r y  h y d r o g e n  b o n d in g
i n t e r a c t i o n s  ( T a b l e  V I ) . C om par ison  o f  t h e  u n d e r - r e p r e s e n t e d
f r a g m e n t s  ( T a b l e  V) w i t h  t h i s  l i s t  shows good a g re e m e n t  f o r  b a s e s
2
o u t s i d e  t h e  v a r i a b l e  arm.  F rag m en t s  e n d i n g  w i t h  Ug, G^, m2 ^ 2 6 ’ ^ 3 8 ’
Tr , ,  Cr , ,  G_-, and  Aro a l l  a p p e a r  a s  weak b a n d s  w h i l e  pG ,-G i n  i s  54 56 o /  58 1 19
r e l a t i v e l y  a b u n d a n t .  W i t h i n  t h e  v a r i a b l e  lo o p  t h e  d a t a  a r e  more
d i f f i c u l t  t o  i n t e r p r e t .  The b a s e s  o f  t h e  v a r i a b l e  lo o p  a r e  c e r t a i n l y
Phel e s s  a c c e s s i b l e  t h a n  t h o s e  o f  t h e  D l o o p ,  a s  was t h e  c a s e  f o r  tRNA , 
b u t  t h e y  a r e  f l a n k e d  by r e s i d u e s  o f  t h e  v a r i a b l e  s tem  w h ich  a r e  even 
more r e s i s t a n t .  The g r e a t e r  a v a i l a b i l i t y  o f  t h e  n u c l e o t i d e s  i n  t h e  
v a r i b a l e  lo o p  a s  compared t o  t h e  v a r i a b l e  s tem  a g r e e s  w i t h  t h e  f i n d i n g  
t h a t  P^ n u c l e a s e  i s  more s e n s i t i v e  t o  t h e  e f f e c t s  o f  c l o v e r l e a f  
(W a t s o n -C r i c k )  b a s e  p a i r i n g  t h a n  t o  t e r t i a r y  h y d r o g e n  b o n d s .  On t h e  
o t h e r  hand  t h e  s t r u c t u r a l  c o r r e l a t i o n  b e tw e e n  t h e  v a r i a b l e  arms o f
TABLE VI
B ases  o f  tRNA„ Presumed t o  be  I n v o l v e d  i n  
T e r t i a r y  Hydrogen  Bonding
D Loop 2 10 (? )
A22 ( G g )
D Loop A14 ( u 8 )
G15 <“ 5c 48 >
Gm18 (^55)
G19 (C60)
A n t . Loop U32 (c 38)
C38 (u 3 2 )
V a r .  Loop ?




C56 ( Gu )
m A5g « 5 4 )
" B r i d g e s " U8 <*!*>
G9 (A22)
m^C48 (G15)
R e s i d u e s  i n  p a r e n t h e s e s  a r e  t h e  p resumed b a s e  p a i r i n g  p a r t n e r s .
o f  t h e  two tRNAs i s  somewhat v a g u e .  T h i s  a m b i g u i t y  i s  r e i n f o r c e d  by
t h e  f a c t  t h a t  t h e  ab u n d a n c e  o f  P^2.~^15 n o t  re<^uce<  ̂ t *16 d i g e s t  o f
PtlGt h e  l e u c i n e - a c c e p t i n g  tRNA a s  i t  was i n  t h a t  o f  tRNA . I n  t h e  l a t t e r  
tRNA G-j^ i s  i n v o l v e d  i n  t h e  o n l y  t e r t i a r y  W a t s o n - C r i c k  b a s e  p a i r i n g  
i n t e r a c t i o n  and h y d r o g e n  b o n d s  w i t h  G^g. I f  a  s i m i l a r  i n t e r a c t i o n
T,0n
t a k e s  p l a c e  i n  tRNAg (N) t h e n  s h o u l d  be  more r e s i s t a n t  t o
n u c l e a s e  d i g e s t i o n .  S i n c e  t h i s  i s  n o t  t h e  c a s e  m^C^g, whose f r a g m e n t
i s  r e d u c e d ,  may b e  h y d r o g e n  bonded  w i t h  some o t h e r  r e s i d u e .  The same
l i n e  o f  r e a s o n i n g  a p p l i e s  t o  t h e  c a s e  o f  t h e  f r a g m e n t  p G ^ - G ^ .  I n  
PtlGtRNA t h i s  band  s h o u l d  be  weak b e c a u s e  o f  t h e  i n t e r a c t i o n  b e tw e e n
G^g and ¥5 5 • I t s  l a c k  o f  i n h i b i t i o n  o f  P^ n u c l e a s e  was i n t e r p r e t e d
a s  r e f l e c t i n g  a s e c o n d a r y  c l e a v a g e  w h ich  was p e r m i t t e d  by t h e  i n i t i a l
T.qi.1
c l e a v a g e  a t  &2Q‘ I n  tRNA^ t h e  t w e n t i e t h  r e s i d u e  i s  a  d i h y d r o u r i d i n e ,  
w h ich  i s  known t o  be  r e s i s t a n t  t o  n u c l e a s e ,  so t h i s  e x p l a n a t i o n  
d oes  n o t  a p p l y .  An a l t e r n a t i v e  e x p l a n a t i o n  i s  t h a t  i t s  p resum ed  b a s e  
p a i r i n g  p a r t n e r ,  (whose f r a g m e n t  _is l e s s  a b u n d a n t )  may i n t e r a c t
w i t h  some o t h e r  n u c l e o t i d e .
The d i g e s t i o n  d a t a  a r e  i n  g e n e r a l  a g r e e m e n t  w i t h  t h e  c h e m i c a l  
m o d i f i c a t i o n  (37) and o l i g o n u c l e o t i d e  b i n d i n g  d a t a  ( 3 8 ) .  T hese  
i n v e s t i g a t i o n s  showed t h a t  t h e  r e s i d u e s  w h ich  w ere  mos t  s u s c e p t i b l e  t o  
k e t h o x a l a t i o n  w ere  Gm^g and G^^. U n l i k e  o u r  r e s u l t s ,  how ever ,  n u c l e ­
o t i d e s  G^g and G^^ w ere  i n a c c e s s i b l e  t o  t h e  r e a g e n t .  A l l  s tem  r e s i d u e s  
w ere  p r o t e c t e d  i n  t h e  n a t i v e  c o n f o r m e r .
I n  g e n e r a l ,  t h e n ,  t h e  l o o p s  and  s t e m s  o f  t h e  s t r u c t u r e  of
L e u  PtlG
y e a s t  tRNAg f i t  t h e  c o n f o r m a t i o n  o f  y e a s t  tRNA r a t h e r  w e l l .
The d i s c r e p a n c i e s  b e t w e e n  t h e  p r o f i l e s  o f  t h e  two tRNAs i n  t h e  D and
v a r i a b l e  l o o p s  may be  t h e  r e s u l t s  o f  d i f f e r e n c e s  i n  s t r u c t u r e  b e tw e e n
Phet h e  two tRNAs. The D lo o p  o f  tRNA c o n t a i n s  e i g h t  n u c l e o t i d e s ,  w i t h
G^g and G^g b e i n g  t h e  f i f t h  and s i x t h  o f  t h e s e  r e s p e c t i v e l y .  I n
J  Q11
tRNAg t h e s e  a r e  t h e  f o u r t h  and f i f t h  o f  n i n e  r e s i d u e s  when G^g and
Ag? a r e  c o n s i d e r e d  t o  b e  s t a c k e d  o n to  t h e  D s tem .  The v a r i a b l e  arms
c o n t a i n  f i v e  and t h i r t e e n  b a s e s  r e s p e c t i v e l y  i n  tRNA^ 8 and tRNAgSU.
These  two p o r t i o n s  o f  t h e  c l o v e r l e a f  a r e  i n  a r e a s  o f  t h e  o v e r a l l
Phes t r u c t u r e  o f  tRNA w h ich  can  " b u l g e  o u t , "  so  t h e y  s h o u l d  h ave  l i t t l e
e f f e c t  on t e r t i a r y  i n t e r a c t i o n s  e l s e w h e r e  i n  t h e  m o l e c u l e .  However,
t h e  h y d ro g e n  b o n d i n g  p a t t e r n  w i t h i n  t h e s e  r e g i o n s  n e e d ,  by  no means ,
Phebe  i d e n t i c a l  t o  t h a t  o f  tRNA
L £UThe d i g e s t i o n  p a t t e r n  o f  tRNAg (D) i s  m a rk e d ly  d i f f e r e n t  t h a n  
t h a t  o f  t h e  n a t i v e  c o n f o r m e r .  I n  p a r t i c u l a r  t h e  f r a g m e n t s  from t h e  D
lo o p  a r e  v e r y  much more a b u n d a n t  and t h e y  a r e  p r o d u c e d  a t  t h e  e x p e n s e
o f  a l l  o f  t h e  o t h e r  f r a g m e n t s .  N e v e r t h e l e s s  t h e  f r a g m e n t s  w hich  
t e r m i n a t e  i n  t h e  a n t i c o d o n  and v a r i a b l e  l o o p s  a r e  r e d u c e d  t o  a g r e a t e r  
e x t e n t  t h a n  t h e  o t h e r s .  K e t n o x a l a t i o n  d a t a  s u p p o r t  t h i s  f i n d i n g  ( 3 7 ) .  
T h i s  s t u d y  showed t h a t  G r e s i d u e s  i n  t h e  D s t e m  and  a n t i c o d o n  s t e m  a r e  
a c c e s s i b l e  t o  t h e  r e a g e n t  i n  t h e  d e n a t u r e d  b u t  n o t  t h e  n a t i v e  c o n f o r m e r .  
O l i g o n u c l e o t i d e  b i n d i n g  s t u d i e s  show t h a t  t h e  D s t e m  and l o o p  a r e
T p , 1
s i n g l e  s t r a n d e d  i n  tRNAg (D ) .
These  d a t a  s u p p o r t  t h e  model  f o r  t h e  s e c o n d a r y  s t r u c t u r e  w h ich
was p r o p o s e d  by K earns  ( 3 6 ) .  He s u g g e s t s  t h a t  t h e r e  i s  a lo n g  s t r e t c h  
o f  u n p a i r e d  b a s e s  e x t e n d i n g  f rom Ug t o  Ugg and t h a t  t h e  n u c l e o t i d e s
o f  t h e  a n t i c o d o n  lo o p  a r e  h y d r o g e n  bonded w i t h  t h o s e  o f  t h e  T l o o p .
The p r o f i l e  o f  f r a g m e n t s  beyond  C2q » i  i s  e s s e n t i a l l y  f l a t ,  showing 
o n l y  t h e  d i f f e r e n c e s  e x p e c t e d  b e t w e e n  t h e  r e s i d u e s  o f  a b a s e  p a i r e d
p j^ 0  TiPi i
s e g m en t .  As was t h e  c a s e  f o r  tRNA and tRNA^ (N) t h e  v e r y  s h o r t  
f r a g m e n t s  a r e  o v e r - r e p r e s e n t e d .  F r a g m e n t s  pG^-Ug and  pG^-G^ a r e  
r e l a t i v e l y  d e p r e s s e d  compared  t o  t h o s e  f rom t h e  n e i g h b o r i n g  D l o o p ,  
s u g g e s t i n g  t h a t ,  a l t h o u g h  t h e  n u c l e o t i d e s  o f  t h e  D s t e m  do n o t  b a s e  
p a i r  w i t h  e a c h  o t h e r ,  t h e  t e r t i a r y  i n t e r a c t i o n s  Ug-A.^  and G ^ - G 23 
r e m a i n  i n t a c t .
E f f e c t i v e n e s s  o f  N u c l e a s e  D i g e s t i o n  a s  a  S t r u c t u r a l  P ro b e
The g e n e r a l  r e q u i r e m e n t s  o f  p a r t i a l  n u c l e a s e  d i g e s t i o n  a s  a  
p r o b e  o f  tRNA s t r u c t u r e  a r e :
1 . t h a t  t h e  enzyme b e  s e n s i t i v e  t o  t h e  s t r u c t u r e  o f  i t s  
s u b s t r a t e ,
2 . t h a t  t h e  enzyme b e  a c t i v e  u n d e r  c o n d i t i o n s  w he re  t h e  
n a t i v e  s t r u c t u r e  o f  t h e  tRNA r e m a in  i n t a c t ,  and
3.  t h a t  i t  b e  p o s s i b l e  t o  c a r r y  o u t  t h e  d i g e s t i o n  i n  so 
l i m i t e d  a f a s h i o n  t h a t ,  on t h e  a v e r a g e ,  any tRNA 
m o l e c u l e  i s  c l e a v e d  o n l y  o n c e .
A l l  o f  t h e s e  c o n d i t i o n s  h ave  b e e n  met by p a r t i a l  n u c l e a s e  d i g e s t i o n .
I t  i s  d e s i r a b l e  t h a t ,  i n  a d d i t i o n  t o  t h e s e  minimum r e q u i r e m e n t s ,
k i n e t i c  s t u d i e s  be  p e r f o r m e d .  I n  o r d e r  t o  c a r r y  o u t  t h e s e  e x p e r i m e n t s
t h e  methods  f o r  i n a c t i v a t i n g  o r  i n h i b i t i n g  t h e  n u c l e a s e  must  b e  r a p i d
enough and g e n t l e  e n o u g h t  t o  a l l o w  c o l l e c t i o n  o f  v e r y  e a r l y  t i m e
a l i q u o t s  w i t h o u t  d i s r u p t i o n  o f  t h e  r e m a i n i n g  tRNAs. I d e a l l y  t h e
d i g e s t i o n  would  be  p e r f o r m e d  on u n l a b e l l e d  tRNAs so t h a t  p o s t - l a b e l l i n g
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t e c h n i q u e s  c o u l d  be  a p p l i e d .  By u s i n g  t h i s  method  t h e  p o s s i b i l i t y  
o f  a  b i a s  to w a rd  s h o r t e r  f r a g m e n t s  c o u l d  b e  a v o i d e d .
n u c l e a s e  c o u l d  b e  u s e d  i n  t h i s  way.  I t s  a c t i v i t y  f a l l s  
s h a r p l y  above  a  pH o f  7 ;  a t  pH 8 . 5  i t  s h o u l d  b e  i n a c t i v e  a s  a  pho sp h o ­
d i e s t e r a s e .  S i n c e  p o s t - l a b e l l i n g  t e c h n i q u e s  i n v o l v e  t h e  u s e  of
b a c t e r i a l  a l k a l i n e  p h o s p h a t a s e  t o  remove t h e  5 ' - t e r m i n a l  p h o s p h a t e ,
i n a c t i v a t i o n  by  r a i s i n g  t h e  pH i s  p r e f e r a b l e  t o  t h e  u s e  o f  c h e l a t i n g
a g e n t s  w h ich  wou ld  i n h i b i t  t h e  BAP.
P^ n u c l e a s e  h a s  t h e  added  and p e r h a p s  more i m p o r t a n t  a d v a n t a g e  
o f  b e i n g  a b l e  t o  h y d r o l y z e  a l m o s t  a l l  o f  t h e  bo n d s  i n  a tRNA. U n l i k e  
i t s  c o u n t e r p a r t s ,  n u c l e a s e  and  r i b o n u c l e a s e s  A, T^,  T^,  ^  e t c . ,  i t  
c an  b e  u s e d  t o  g e n e r a t e  d a t a  a b o u t  e a c h  o f  t h e  r e s i d u e s .
The d i s a d v a n t a g e s  o f  P^ n u c l e a s e  a r e  t h a t  i t  can  n o t  ( o r  can  
o n l y  v e r y  s l o w l y )  h y d r o l y z e  t h e  r e s i d u e s  D, T, Cm, and Gm. I n  
a d d i t i o n ,  b e c a u s e  o f  i t s  p r e f e r e n c e  f o r  s h o r t e r  f r a g m e n t s ,  a low l e v e l  
o f  d o u b l e  h i t  c l e a v a g e  seems i n e v i t a b l e .
In  summary,  t h e n ,  p a r t i a l  P^ n u c l e a s e  d i g e s t i o n  o f  tRNAs g i v e s  
u s e f u l  i n f o r m a t i o n  a b o u t  a l m o s t  a l l  o f  t h e  r e s i d u e s  i n  t h e  c h a i n s ,  
a b o u t  c l o v e r l e a f  b a s e  p a i r i n g  and a b o u t  t e r t i a r y  i n t e r a c t i o n s  and 
s t r u c t u r e .  F u r t h e r  d e v e l o p m e n t  o f  t h e  t e c h n i q u e  t o  a l l o w  k i n e t i c  
s t u d i e s  and a p p l i c a t i o n  o f  p o s t - l a b e l l i n g  p r o c e d u r e s  w i l l  i n c r e a s e  t h e  
amount o f  i n f o r m a t i o n  w h ic h  P^ n u c l e a s e  d i g e s t i o n  can  p r o v i d e .  A l th o u g h  
i t  w i l l  n e v e r  be  s u f f i c i e n t  by i t s e l f ,  when i t  i s  u s e d  i n  c o n j u n c t i o n  
w i t h  o t h e r  enzymes and c h e m i c a l  r e a g e n t s ,  p a r t i a l  P^ n u c l e a s e  d i g e s t i o n  
may v a s t l y  im prove  o u r  u n d e r s t a n d i n g  o f  t h e  s t r u c t u r e  o f  tRNAs i n  
s o l u t i o n .
Chapter II
TRANSFER RNA POPULATIONS IN NORMAL AND TUMOR CELLS
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INTRODUCTION
Roles of Transfer RNA
I n  a  l i v i n g  c e l l  t r a n s f e r  RNA m o l e c u l e s  p e r f o r m  many f u n c t i o n s .  
The r o l e s  i n  w h ich  tRNAs a r e  found  r a n g e  f ro m  p r o t e i n  s y n t h e s i s  to  
r e g u l a t i o n  o f  gene  e x p r e s s i o n ,  and i n v o l v e  e i t h e r  s p e c i a l i z e d  
i n d i v i d u a l  tRNA m o l e c u l e s  o r  tRNA p o p u l a t i o n s  a s  a  w h o le .  Some o f  
t h e s e  f u n c t i o n s  a r e  d i s c u s s e d  be low .
T r a n s f e r  RNA h a s  l o n g  b e e n  known t o  f u n c t i o n  a s  an a d a p t o r  i n  
t h e  t r a n s l a t i o n  o f  m e s s e n g e r  RNAs ( 1 ) .  I n  f a c t  t h i s  r o l e  was 
p o s t u l a t e d  t o  e x i s t  even  b e f o r e  tRNAs w ere  d i s c o v e r e d  ( 6 4 ) .  I n  t h e  
n o rm a l  t r a n s l a t i o n  p r o c e s s  tRNAs, a s  a c l a s s ,  i n t e r a c t  w i t h  a whole  
m u l t i t u d e  o f  d i f f e r e n t  p r o t e i n s  and n u c l e i c  a c i d s ;  t h e s e  i n t e r a c t i o n s  
depend  on s t r u c t u r a l  f e a t u r e s  common t o  a l l  tRNAs. Yet  t h e s e  same 
tRNA m o l e c u l e s  a r e  s u f f i c i e n t l y  d i s t i n c t  t o  a l l o w  a phenom enal  d e g r e e  
o f  f i d e l i t y  i n  t h e  t r a n s l a t i o n  p r o c e s s  ( 6 5 ) .  T h i s  r o l e  o f  tRNA h a s  
b e e n  e x t e n s i v e l y  r e v i e w e d  ( 4 ) .
I n  s p i t e  o f  t h e  a p p a r e n t l y  ove rw he lm ing  c o n s t r a i n t s  on t h e  
s t r u c t u r e  o f  tRNA m o l e c u l e s ,  im posed  by t h e  d u a l  r e q u i r e m e n t s  f o r  
common f e a t u r e s  and u n i q u e n e s s ,  b a c t e r i a l  c e l l s  make a l t e r a t i o n s  i n  
tRNA s e q u e n c e s  f o r  s u p p r e s s i o n  o f  m u t a t i o n  a l m o s t  r o u t i n e l y  ( 6 6 ) .
T hese  b a s e  s u b s t i t u t i o n s  may o c c u r  w i t h i n  t h e  a n t i c o d o n  lo o p  (67) o r  
o u t s i d e  o f  i t  ( 6 8 ) ,  and r e s u l t  i n  t h e  s u p p r e s s i o n  o f  m i s s e n s e  ( 6 9 ) ,
n o n s e n s e  (70) and  f r a m e s h i f t  ( 7 1 ,7 2 )  m u t a t i o n s .  The c o n t e x t  w h ich  t h e  
m e s s e n g e r  p r e s e n t s  t o  t h e  s u p p r e s s o r  tRNAs i s  known t o  a f f e c t  t h e i r  
a b i l i t y  t o  c o r r e c t  t h e  m u t a t i o n  ( 7 3 , 7 4 ) .  The s t u d y  o f  t h i s  r o l e  o f  
tRNA i s  s t i l l  p r o v i d i n g  much i n f o r m a t i o n  a b o u t  t h e  t r a n s l a t i o n  p r o c e s s .
T r a n s f e r  RNAs can  a l s o  c a r r y  amino a c i d s  t o  m o l e c u l e s  o t h e r  
t h a n  g row ing  p o l y p e p t i d e  c h a i n s .  Aminoacyl- tRNA t r a n s f e r a s e s  (75) 
c a t a l y z e  t h e  a d d i t i o n  o f  amino a c i d s  t o  com ponen ts  o f  b a c t e r i a l  c e l l  
w a l l s  (76) and p la s m a  membranes ( 7 7 ) ,  and t o  t h e  amino t e r m i n i  o f  
c o m p le t e d  p r o t e i n s  ( 7 8 ) .  The tRNA s p e c i e s  w h ich  p a r t i c i p a t e  i n  t h i s  
t r a n s f e r  may b e  s p e c i a l i z e d  m o l e c u l e s  f o r  w h ich  t h i s  i s  t h e  o n l y  
r o l e  ( 1 5 ) .
E v i d e n c e  f o r  t h e  u s e  o f  tRNAs i n  v i r a l  RNA r e p l i c a t i o n  comes 
f rom many q u a r t e r s .  The Q6 r e p l i c a s e  i n c l u d e s  p r o k a r y o t i c  i n i t i a t i o n  
f a c t o r s ,  EF-Tu and  EF-Ts ( 7 9 , 8 0 ) .  B a c t e r i o p h a g e  and p l a n t  v i r u s  RNAs 
o f t e n  h a v e  a " tR N A - l ik e "  s t r u c t u r e  e i t h e r  i n t e r n a l l y  o r  a t  t h e i r  
3 ' - e n d s  ( 8 1 , 8 2 ) .  Some can  be  a m i n o a c y l a t e d  by  h o s t  am inoacy l - tRN A  
s y n t h e t a s e s  ( 8 1 , 8 3 , 8 4 ) .  I n  a d d i t i o n  some r e t r o - v i r u s e s  p a c k a g e  a  h o s t  
tRNA w i t h  t h e i r  genomes;  t h i s  tRNA a c t s  a s  a  p r i m e r  i n  t h e  v i r a l  
r e p l i c a t i o n  p r o c e s s  ( 8 5 , 8 6 ) .
T r a n s f e r  RNAs may a l s o  r e g u l a t e  e n z y m a t i c  a c t i v i t y .  I n
*-7 TyrD r o s o p m l a  a  tRNA may a c t  a s  an  i n h i b i t o r  o f  t h e  enzyme t r y p t o p h a n  
p y r r o l a s e  ( 8 7 , 8 8 ) .  E. o o t i .  e n d o n u c l e a s e  I  a c t i v i t y  i s  c o n v e r t e d  from 
d o u b l e - s t r a n d  s c i s s i o n  t o  s i n g l e - s t r a n d  n i c k i n g  i n  t h e  p r e s e n c e  o f  
tRNA ( 8 9 ) .  F i n a l l y ,  when d e a c y l a t e d  tRNAs a r e  bound i n  t h e  A s i t e  o f  
r ib o s o m e s  f rom e n t e r i c  b a c t e r i a ,  t h e  r e l A  gene  p r o d u c t  p r o d u c e s  t h e
"m ag ic  s p o t "  compounds ppGpp and pppGpp ( 9 0 ) .  T hese  p h o s p h o r y l a t e d  
n u c l e o t i d e s  f u n c t i o n  i n  t h e  s t r i n g e n t  r e s p o n s e  o f  t h e  c e l l s  t o  amino 
a c i d  s t a r v a t i o n  ( 9 1 ) .  T h e r e  i s  an a b s o l u t e  r e q u i r e m e n t  f o r  a  f r e e  
3 ' - h y d r o x y l  g roup  and f o r  t h e  s e q u e n c e  TTCG i n  t h e  T loop  ( 9 2 ) .  The 
c r i t i c a l  f a c t o r  i s  n o t  t h e  a b s o l u t e  c o n c e n t r a t i o n  o f  d e a c y l a t e d  tRNA 
b u t  r a t h e r  t h e  r a t i o  o f  a c y l a t e d  t o  d e a c y l a t e d  s p e c i e s  ( 9 3 ) .
B e s i d e s  t h i s  i n d i r e c t  c o n t r o l  o f  t r a n s c r i p t i o n ,  t r a n s f e r  RNAs 
can  a f f e c t  t h e  p r o c e s s  d i r e c t l y .  I n  b a c t e r i a  t h e  l e v e l s  o f  a m i n o a c y l -  
tRNA s y n t h e t a s e s  (94) and  o f  t h e  enzymes f o r  b i o s y n t h e s i s  o f  many 
amino a c i d s  (95) a r e  r e g u l a t e d  by  t h e  r a t i o  o f  c h a r g e d  t o  u n c h a r g e d  
tRNAs. One mechanism w h ich  h a s  b een  p r o p o s e d  i s  a t t e n u a t i o n  ( 5 , 6 , 7 ) .  
The mRNAs f rom a t t e n u a b l e  o p e r o n s  p o s s e s s  a  l e a d e r  o r  " a t t e n u a t o r "  
s e q u e n c e  w hich  h a s  b o t h  a  complex  s e c o n d a r y  s t r u c t u r e  and a s e r i e s  o f  
i d e n t i c a l  codons  f o r  t h e  amino a c i d  whose b i o s y n t h e t i c  enzymes a r e  
b e i n g  made.  T r a n s c r i p t i o n  and t r a n s l a t i o n  a r e  c o u p l e d .  When t h e  
r ib o s o m e  comes t o  t h e  s e r i e s  o f  i d e n t i c a l  codons  t h e  e f f i c i e n c y  w i t h  
w h ich  i t  can  t r a n s l a t e  them d ep en d s  on t h e  a v a i l a b i l i t y  o f  am ino-  
a c y l a t e d  tRNAs. I f  t h e  l e v e l  o f  f r e e  amino a c i d s  i s  h i g h  t h e r e  i s  
l i t t l e  n e e d  t o  p r o d u c e  enzymes f o r  t h e i r  b i o s y n t h e s i s ,  and a h i g h  r a t i o  
o f  c h a r g e d  t o  u n c h a r g e d  tRNAs r e s u l t s  i n  a h i g h  e f f i c i e n c y  o f  t r a n s l a ­
t i o n  o f  t h e  a t t e n u a t o r  s e q u e n c e .  The movement o f  t h e  r ib o s o m e  beyond 
t h i s  p o i n t  a l t e r s  t h e  s e c o n d a r y  s t r u c t u r e  and s h u t s  down t r a n s c r i p t i o n .
O th e r  r e g u l a t o r y  r o l e s  f o r  tRNA have  b e e n  p o s t u l a t e d  to  
e x i s t  ( 8 , 9 6 , 9 7 ) .  They depend  on ch an g e s  i n  tRNA p o p u l a t i o n s  w i t h  
d i f f e r e n t  c i r c u m s t a n c e s  and w i l l  be  d i s c u s s e d  be low.
P o p u l a t i o n s  o f  T r a n s f e r  RNAs
A n o rm a l  c e l l  c o n t a i n s  a p p r o x i m a t e l y  f i f t y - f i v e  s p e c i e s  o f  
tRNA (93) i n  i t s  c y t o p l a s m ,  one o r  more s p e c i e s  f o r  e a c h  amino a c i d .
The n e e d  f o r  m u l t i p l e  tRNAs f o r  a  p a r t i c u l a r  amino a c i d  ( i s o a c c e p t o r s )  
r e f l e c t s ,  i n  p a r t ,  t h e  d e g e n e r a c y  o f  t h e  g e n e t i c  code  ( 9 9 , 1 0 0 ) .  T h e re  
a r e  i n s t a n c e s ,  how eve r ,  w he re  one tRNA can  r e a d  s e v e r a l  codons  (101) 
and w here  t h e r e  a r e  more i s o a c c e p t o r s  t h a n  t h e r e  a r e  codons  (102 ) .
Thus t h e  r e l a t i o n s h i p  b e tw e e n  i s o a c c e p t o r s  and t h e  g e n e t i c  code  i s  
n o t  a  t r i v i a l  one ( 1 0 3 ) .  I n  a d d i t i o n  t o  t h e  c y t o p l a s m i c  p o p u l a t i o n s  
e u k a r y o t i c  o r g a n e l l e s  h a v e  t h e i r  oi\m s e t s  o f  tRNAs (2) a s  p a r t  o f  a 
c o m p le t e  t r a n s l a t i o n  a p p a r a t u s  (1 0 4 ) .
P o p u l a t i o n s  o f  tRNAs o f t e n  r e f l e c t  t h e  a c t i v i t y  o f  t h e i r  c e l l s .  
Smith  ( 1 0 5 ) ,  showed t h a t ,  i n  r e t i c u l o c y t e s ,  t h e  r e l a t i v e  ab u n d a n c e  o f  
d i f f e r e n t  i s o a c c e p t i n g  f a m i l i e s  o f  tRNAs p a r a l l e l e d  t h e  f r e q u e n c y  o f  
amino a c i d s  i n  h em o g lo b in .  V i o t t i  (106) o b s e r v e d  t h e  same phenomenon 
i n  m a iz e  endosperm c e l l s  w h ich  w ere  a c t i v e l y  s y n t h e s i z i n g  z e i n .  More 
s p e c i f i c  a l t e r a t i o n s  i n  tRNA p o p u l a t i o n s  o f  b a c t e r i a  h ave  b e e n  
o b s e r v e d  d u r i n g  s p o r u l a t i o n  (107) and b a c t e r i o p h a g e  i n f e c t i o n  ( 1 0 8 , 1 0 9 ) .  
A d a p t a t i o n  o f  tRNA p o p u l a t i o n s  i n  e u k a r y o t e s  h a s  b e e n  o b s e r v e d  a t  t h e  
o n s e t  o f  f i b r o i n  s y n t h e s i s  i n  Borribyx movi- p o s t e r i o r  s i l k  g l a n d  (110) 
and i n  t h e  r e s p o n s e  t o  hormones  by c h i c k e n  l i v e r  (1 1 1 , 112 ) and c h i c k  
o v i d u c t  ( 1 1 3 ) .  Changes  i n  t h e  c h r o m a t o g r a p h i c  p r o f i l e s  o f  i s o a c c e p t i n g  
tRNAs have  a l s o  b e e n  d e m o n s t r a t e d  d u r i n g  d i f f e r e n t i a t i o n  and embryo- 
g e n e s i s  (114 -118 )  and i n  r e s p o n s e  t o  i n t e r f e r o n  t r e a t m e n t  (1 1 9 ) .
A l th o u g h  many o f  t h e s e  a l t e r a t i o n s  i n  t h e  e l u t i o n  p a t t e r n s  o f  tRNA
i s o a c c e p t o r s  h av e  b een  r e p o r t e d  o n ly  a  v e r y  few o f  them h av e  b een  
c a r e f u l l y  a n a ly z e d  ( s e e  D i s c u s s i o n ) . I n t e r p r e t a t i o n  o f  t h e  s i g n i f i ­
c a n c e  o f  t h e s e  a d a p t a t i o n s  d e p e n d s  on an  u n d e r s t a n d i n g  o f  b o th  t h e  
s t r u c t u r e  and t h e  b i o l o g i c a l  f u n c t i o n  o f  t h e  a l t e r e d  tRNA s p e c i e s .
R e g u l a t i o n  o f  T r a n s l a t i o n  B ased  on tRNA P o p u l a t i o n s
The th e o r y  a b o u t  t h e  m echan ism  by  w h ich  tRNA p o p u l a t i o n s  
c o n t r o l  t r a n s l a t i o n  was o r i g i n a l l y  p ro p o s e d  by  Ames and H artm an (120) 
and h a s  b e e n  r e v ie w e d  m ore r e c e n t l y  by  L o d is h  (121) and by O ste rm an  ( 8 ) .  
In  e s s e n c e  i t  s u g g e s t s  t h a t  t h e  e f f i c i e n c y  o f  t r a n s l a t i o n  d e p e n d s  on 
t h e  tRNAs w h ich  a r e  a v a i l a b l e  and  t h a t  d i f f e r e n t i a l  r a t e s  o f  t r a n s l a t i o n  
o f  mRNAs g o v e rn  t h e  l e v e l  o f  t h e i r  gene  p r o d u c t s .  I n  i t s  o r i g i n a l  
form  (1 2 0 ,1 2 2 -1 2 4 )  t h e  t h e o r y  s u g g e s t e d  t h a t  d i f f e r e n c e s  i n  codon 
u s a g e  among mRNAs w ould  c o r r e s p o n d  to  d i f f e r e n c e s  i n  t h e  r e l a t i v e  
ab u n d an ce  o f  i s o a c c e p t i n g  tRNAs. T hose  m e s s e n g e r s  w h ich  in c l u d e d  
codons c o r r e s p o n d in g  to  s c a r c e  tRNAs w ould  b e  t r a n s l a t e d  more s lo w ly  
th a n  t h e i r  c o u n t e r p a r t s  w hose cod o n s  w ere  r e a d  by  t h e  m ore a b u n d a n t  
i s o a c c e p t o r s .  T h re e  l i n e s  o f  e v i d e n c e  s u p p o r t  t h i s  t h e o r y .
The p a t t e r n  o f  codon u s a g e  i n  any  p a r t i c u l a r  mRNA d ep en d s  on 
t h e  c h o i c e  o f  t h e  d e g e n e r a t e  ("w o b b le " )  b a s e .  I f  t h e  r e l a t i v e  a b u n d an c e  
o f  i s o a c c e p t i n g  tRNAs i s  t o  g o v e rn  th e  r a t e  o f  t r a n s l a t i o n  a s  t h i s  
t h e o r y  s u g g e s t s ,  t h e n  d i f f e r e n t  mRNAs m ust p r e f e r e n t i a l l y  employ 
d i f f e r e n t  codons f o r  t h e  same amino a c i d .  G ran tham  e t  a t .  (125) found  
t h i s  t o  be  t h e  c a s e .  They s u rv e y e d  t h e  known mRNA s e q u e n c e s  and found  
t h a t  codon u s a g e  w i t h i n  a  genome i s  n o n -ran d o m . F r a m e s h i f t  g e n e s  u s e
codons  d i f f e r e n t l y  t h a n  t h e i r  w i l d - t y p e  p a r e n t s ;  among genomes th e  
p a t t e r n  o f  codon u s a g e  v a r i e s .
A seco n d  l i n e  o f  e v i d e n c e  i n  s u p p o r t  o t  t h e  codon r e s t r i c t i o n  
h y p o t h e s i s  i s  t h a t  i s o a c c e p t i n g  tRNAs a r e  u se d  d i f f e r e n t l y .  I t  h a s  
a l r e a d y  b e e n  n o te d  t h a t ,  w i t h i n  a  mRNA, d i f f e r e n t  c o n t e x t s  e n h a n c e  th e  
u s e  o f  one i s o a c c e p t o r  o v e r  a n o t h e r  ( 7 3 ,7 4 ) .  I n  a d d i t i o n ,  i n  v i t v o  
t r a n s l a t i o n  o f  c o l l a g e n  m e s s e n g e r  by c h i c k  c a l v a r i a  p r e f e r e n t i a l l y  u s e s  
one o f  t h e  f o u r  g l y c i n e  i s o a c c e p t o r s  and one o f  t h e  two a l a n i n e  
tRNAs ( 1 2 6 ,1 2 7 ) .
F i n a l l y ,  d e l i b e r a t e  ch a n g e s  i n  tRNA p o p u l a t i o n s  can  a f f e c t  t h e
ty p e  and amount o f  p r o t e i n s  s y n t h e s i z e d  i n  v i t v o .  A tk in s  e t  a t .  (128)
found  t h a t  d i s t u r b a n c e  o f  t h e  r a t i o s  o f  tRNAs c o u ld  p ro m o te  f r a m e -
A ia
s h i f t i n g  o f  t h e  m e s s s e n g e r .  A m in o r  s p e c i e s  o f  tRNA s t i m u l a t e s  
h em o g lo b in  s y n t h e s i s  i n  c h i c k  embryo c e l l s  ( 1 2 9 ) .  O th e r  i n s t a n c e s  a r e  
known (1 3 0 ) .
I n  summary, t h e n  i t  h a s  a l r e a d y  b e e n  shown by many w o rk e r s  
t h a t  tRNA p o p u l a t i o n s  a r e  c h a r a c t e r i s t i c  o f  t h e  c e l l s  from  w h ich  th e y  
a r e  d e r i v e d  and  t h a t  th e  p o p u l a t i o n s  can  a d a p t  t o  c h a n g in g  c i r c u m s t a n c e s  
o f  t h e  c e l l .  T hese  o b s e r v a t i o n s  l e d  t o  th e  p r o p o s a l  t h a t  tRNA 
p o p u l a t i o n s  can  a c t  t o  r e g u l a t e  gen e  e x p r e s s i o n  a t  t h e  t r a n s l a t i o n a l  
l e v e l .  T h is  g e n e r a l  c o n c e p t  h a s  b e e n  r e a s o n a b l y  w e l l  s u b s t a n t i a t e d  by 
t h r e e  l i n e s  o f  e v i d e n c e .  F i r s t ,  codon u s a g e  i s  no n -ran d o m  and 
c h a r a c t e r i s t i c  o f  i n d i v i d u a l  genom es. S econd , mRNAs u s e  c e r t a i n  
i s o a c c e p t i n g  tRNAs p r e f e r e n t i a l l y ,  ev en  b e i n g  a b l e  to  d i s t i n g u i s h  
among s p e c i e s  w i th  t h e  same a n t i c o d o n .  T h i r d ,  d e l i b e r a t e  a d d i t i o n s
o r  s u b s t i t u t i o n s  o f  e x o g en o u s  tRNA c a n  a f f e c t  t h e  ty p e  and amount o f
p r o t e i n  s y n t h e s i z e d  i n  c e l l - f r e e  t r a n s l a t i o n  s y s te m s .
A lth o u g h  t h e s e  f i n d i n g s ,  when t a k e n  t o g e t h e r ,  l e n d  c r e d e n c e  to  
t h e  n o t i o n  o f  tR N A -m ediated  r e g u l a t i o n  p u t  fo rw a rd  by Ames and 
H artm an (1 2 0 ) ,  th e y  s a y  n o t h i n g  a b o u t  i t s  m echanism  p e v  s e .  The 
o r i g i n a l  t h e o r y  t h a t  d i s c r i m i n a t i o n  among tRNAs (and  t h e r e f o r e  
d e t e r m i n a t i o n  o f  t r a n s l a t i o n  r a t e )  d ep en d s  s o l e l y  on t h e  c h o i c e  o f  
d e g e n e r a t e  codons  h a s  had  to  b e  m o d i f i e d  i n  t h e  l i g h t  o f  s e v e r a l  new 
o b s e r v a t i o n s  a b o u t  p r o t e i n  s y n t h e s i s .
1 .  As h a s  a l r e a d y  b e e n  m e n t io n e d  th e  r e l a t i o n s h i p  b e tw ee n  
th e  tRNA p o p u l a t i o n  and  t h e  g e n e t i c  co d e  i s  n o t  a  t r i v i a l  
one .  N ot o n ly  do t h e  num bers o f  i s o a c c e p t i n g  tRNAs and 
d e g e n e r a t e  codons  o f t e n  d i f f e r ,  b u t  t h e  q u e s t i o n  o f  
m echanism  o f  codon  r e c o g n i t i o n  i t s e l f  h a s  r e c e n t l y  b e e n  
r e - o p e n e d .  The "w o b b l in g "  o f  t h e  tRNA on t h e  m e ss e n g e r  
was p o s t u l a t e d  lo n g  ago (1 3 1 ) .  Now t h e  s p e c i f i c i t y  o f  
t h e  c o d o n - r e a d i n g  p r o c e s s  h a s  b e e n  opened  to  f u r t h e r  
d e b a t e  by W e i s s e n b a c h 's  s u g g e s t i o n  t h a t  a  s i n g l e  s p e c i e s  
o f  l e u c i n e - s p e c i f i c  tRNA c a n  r e a d  a l l  s i x  l e u c i n e  codons  
i n  e x t r a c t s  o f  i n t e r f e r o n - t r e a t e d  c e l l s  ( 1 3 2 ) .
L a g e r k v i s t  (133) h a s  s u g g e s t e d  t h a t  t h e  c o d o n - a n t i c o d o n  
i n t e r a c t i o n  may i n v o l v e  o n ly  "2  o u t  o f  3" n u c l e o t i d e s .
T h is  seems to  b e  s u b s t a n t i a t e d  by  w ork w i th  s u p p r e s s o r  
tRNAs ( 68 ) a l t h o u g h  t h e  w ork o f  Goldman e t  a t .  (134) 
seems to  c o n t r a d i c t  t h e  t h e o r y .
2 . S e l e c t i o n  o f  tRNAs by t h e i r  a m in o a c y l  tRNA s y n t h e t a s e s  
and by r ib o s o m e s  can  depend  on f e a t u r e s  o t h e r  th a n  th e  
a n t i c o d o n  s e q u e n c e  i t s e l f .  M o d if ie d  b a s e s  h a v e  b e e n  
shown to  p l a y  a  r o l e  i n  tRNA s t r u c t u r e  (14) and i n  
r e g u l a t i o n  by tRNA o f  t r a n s c r i p t i o n  (135) a s  w e l l  a s  i n  
th e  a m i n o a c y l a t i o n  (136) and r ib o so m e  b i n d i n g  (137) s t e p s  
o f  t r a n s l a t i o n .  Some o f  t h e  a d a p t a t i o n s  o f  tRNA 
i s o a c c e p t o r s  i n v o l v e  ch a n g e s  o n ly  i n  th e  e x t e n t  o f  
m o d i f i c a t i o n  (1 3 8 ,1 3 9 ;  s e e  D i s c u s s i o n  a l s o . )
3 . T r a n s f e r  RNAs u n d e rg o  c o n f o r m a t io n a l  ch a n g e s  on b in d i n g  
to  t h e  m e ss e n g e r  RNA i n  t h e  p r e s e n c e  o f  r ib o s o m e s  and 
t r a n s l a t i o n  f a c t o r s  ( 1 4 0 ,1 4 1 ) .  T h e re  i s  a l s o  some r e a s o n  
to  b e l i e v e  t h a t  c o n f o r m a t i o n a l  c h a n g e s  o f  tRNAs t a k e  p l a c e
on b i n d i n g  by am inoacy l- tR N A  s y n t h e t a s e s  (1 4 2 ,1 4 3 )  
a l t h o u g h  t h e r e  i s  some d e b a t e  a b o u t  t h i s  p o i n t  ( 1 4 4 ) .
T hese  c h a n g e s  may be  in v o l v e d  i n  t h e  m echanism  o f  
k i n e t i c  p r o o f - r e a d i n g  by am inoacy l- tR N A  s y n t h e t a s e s  
(1 4 5 ,1 4 6 )  and r ib o s o m e s  ( 1 4 7 ,1 4 8 ) .
4 .  T r a n s f e r  RNA s e l e c t i o n  m echanism s a r e  p r e s e n t l y  
th o u g h t  t o  i n v o l v e  s e v e r a l  s t e p s ,  one o f  w h ich  i s  
i r r e v e r s i b l e  and  d r i v e n  by h y d r o l y s i s  o f  n u c l e o s i d e  
t r i p h o s p h a t e s  ( 1 4 9 ) .  The s e p a r a t i o n  o f  t h e  s e l e c t i o n  
( e d i t i n g )  p r o c e s s  i n t o  d i s c r e t e  s t e p s  i s  t h e  phenomenon 
w h ich  a l l o w s  t h e  v e r y  low e r r o r  r a t e  o f  t r a n s l a t i o n .
5 . T h e re  i s  r e a s o n  t o  b e l i e v e  t h a t  r ib o s o m e s ,  t h e m s e lv e s ,  
may a d o p t  d i f f e r e n t  c o n f o r m a t io n s ,  p a r t i c u l a r l y  i n  
r e s p o n s e  t o  e x t r a c e l l u l a r  i n f l u e n c e s  ( s e e  r e f e r e n c e  8 ) .  
I n t e r f e r o n  t r e a t m e n t  a f f e c t s  n o t  o n ly  th e  tRNA popu­
l a t i o n  (119) b u t  a l s o  p o r t i o n s  o f  t h e  t r a n s l a t i o n  
com plex ( e I F - 2 )  o f  t h e  c e l l  ( 1 5 0 ,1 5 1 ) .
I n  l i g h t  o f  t h e s e  o b s e r v a t i o n s  O ste rm an  ( 8 ) h a s  p ro p o s e d  t h a t  
t h e  m echanism  by  w h ich  tRNAs can  r e g u l a t e  gene  e x p r e s s i o n  a t  t h e  
t r a n s l a t i o n a l  l e v e l  i s  a  m u l t i s t e p  p r o c e s s  w h ich  in v o l v e s  a phenomenon 
c a l l e d  " p r e - s e l e c t i o n . "  He s u g g e s t s  t h a t  1) r ib o s o m a l  c o n f o r m a t io n s  
p l a c e  r e s t r i c t i o n s  on  t h e  a b i l i t y  o f  a  tRNA to  b in d  to  t h e  A s i t e ,
2) tRNA m o le c u le s  can  b e  c l a s s i f i e d  i n t o  f a m i l i e s  w i th  s i m i l a r  
c o n f o r m a t io n s  and t h a t  3) an  i n i t i a l  s t e p  i n  tRN A -ribosom e b in d i n g  
i n v o l v e s  s e l e c t i o n  o f  i s o a c c e p t o r s  on t h e  b a s i s  o f  t h e i r  c o n f o r m a t i o n s . 
A f t e r  t h i s  p r e - s e l e c t i o n  by  r ib o so m e s  h a s  t a k e n  p l a c e  t h e  s t r e n g t h  
o f  t h e  c o d o n - a n t i c o d o n  i n t e r a c t i o n  p l a y s  a  s eco n d  r o l e  i n  d e t e r m in i n g  
th e  e f f i c i e n c y  ( r a t e )  o f  t r a n s l a t i o n .  T h is  s eco n d  s t e p ,  o r i g i n a l l y  
p ro p o s e d  by K u r la n d  e t  a l .  ( 1 4 0 ) ,  h a s  been  s u b s t a n t i a t e d  by F i e r s  and 
G r o s je a n  (1 5 2 ) .
In  summary, p o p u l a t i o n s  o f  tRNA a r e  th o u g h t  t o  d e t e r m in e  th e  
e f f i c i e n c y  o f  t r a n s l a t i o n  o f  m e ss e n g e r s  w hich  have  d i f f e r e n t  p a t t e r n s
o f  codon u s a g e .  The m echanism  by w h ich  t h i s  r e g u l a t i o n  t a k e s  p l a c e  i s  
th o u g h t  t o  i n v o l v e  t h e  c o d o n - a n t i c o d o n  i n t e r a c t i o n  ass w e l l  a s  t h e  
p r e - s e l e c t i o n  by r ib o s o m e s  o f  s t r u c t u r a l  c l a s s e s  o f  tRNA b a s e d  on 
t r a n s i e n t  ch a n g e s  i n  th e  s t r u c t u r e  o f  t h e  r ib o s o m e  i t s e l f .  The 
e x i s t e n c e  o f  two d i s t i n c t  s e l e c t i o n  s t e p s  f a c i l i t a t e s  b o th  th e  
r e g u l a t i o n  o f  t r a n s l a t i o n  e f f i c i e n c y  and t h e  h ig h  f i d e l i t y  o f  th e  
p r o c e s s .
T r a n s f e r  RNA and C an ce r
The te rm ,  " c a n c e r , "  r e f e r s  to  a c o l l e c t i o n  o f  d i s e a s e s  
c h a r a c t e r i z e d  by t h e  u n c o n t r o l l e d  g ro w th  o f  c e l l s .  T h is  
g ro w th  may in v o l v e  s o l i d  tu m o rs  o r  d i s s e m i n a t e d  c e l l s ,  p r o c e e d s  a t  
r a t e s  r a n g in g  from  s l i g h t l y  f a s t e r  th a n  n o rm a l  to  w i l d l y  p r o l i f e r a t i v e ,  
and  may b e  i n v a s i v e  o r  n o t  ( 1 5 3 ) .  C an ce r  may b e  c a u s e d  i n  l a b o r a t o r y  
a n im a ls  by  v i r u s e s  ( 1 5 4 ,1 5 5 ) ,  c h e m ic a l  a g e n t s  (156) o r  p a r t i c u l a t e  
m a t t e r  (1 5 7 ) .  C an ce r  c e l l s  hav e  an a l t e r e d  m e ta b o l i s m  (1 5 8 ,1 5 9 )  and have  
b e e n  t r e a t e d  w i t h  d r u g s  r a n g in g  from  a n t i m e t a b o l i t e s  to  m e t a l l o - o r g a n i c  
compounds (1 6 0 ) .  One th e o r y  l i k e n s  o n c o g e n e s i s  t o  d e - d i f f e r e n t i a t i o n  
(161) b e c a u s e  em b ry o n ic  and n e o p l a s t i c  t i s s u e s  have  common f e a t u r e s .
A r o l e  f o r  t h e  t r a n s l a t i o n a l  a p p a r a t u s  i n  n e o p l a s t i c  t r a n f o r m a -  
t i o n  h a s  b een  s u g g e s t e d  by s e v e r a l  o b s e r v a t i o n s .  Many tumor c e l l s  
p ro d u c e  s p e c i f i c  new p r o t e i n s  ( e . g .  1 6 2 ) ;  v i r u s - i n d u c e d  tu m o rs ,  i n  
p a r t i c u l a r ,  h av e  a l t e r e d  a n t i g e n s  on t h e  c e l l  s u r f a c e  (1 6 3 ) .  T r a n s f e r  
RNAs h av e  b e e n  shown to  e x h i b i t  a  g r e a t e r  t u r n o v e r  r a t e  i n  c a n c e r  c e l l s  
(164) and th e  a c t i v i t i e s  o f  tRNA m o d i fy in g  enzymes a r e  o f t e n  h ig h e r  
( 1 6 5 -1 7 0 ) .
I t  h a s  a l s o  b e e n  found  t h a t  c r u d e  m i x tu r e s  o f  tRNAs from  
n o rm a l  and tum or c e l l s  h a v e  d i f f e r e n t  a b i l i t i e s  t o  s u p p o r t  p r o t e i n  
s y n t e h s i s  i n  v i t v o  and may l e a d  t o  t h e  p r o d u c t i o n  o f  p r o t e i n s  w i t h  
d i f f e r e n t  e l e c t r o p h o r e t i c  m o b i l i t i e s  ( 1 7 1 -1 7 4 ) .  Many s t u d i e s  have  
exam ined  t h e  c h r o m a to g r a p h ic  b e h a v i o r  o f  n o rm a l  and tum or tRNAs i n  
v a r i o u s  a n im a l  tum ors  and t r a n s f o r m e d  c e l l s  i n  t i s s u e  c u l t u r e  ( 1 7 5 -1 7 9 ) .  
They h av e  b een  r e v ie w e d  e l s e w h e r e  (1 8 0 ) .  I n  g e n e r a l  th e y  i n v o l v e  
a m i n o a c y l a t i o n  o f  a  c ru d e  m i x tu r e  o f  tRNAs w i th  a  s i n g l e  r a d i o a c t i v e l y -  
l a b e l l e d  amino a c i d  and s e p a r a t i o n  o f  th e  i s o a c c e p t o r s  by column 
c h ro m a to g ra p h y .  F a m i l i e s  o f  i s o a c c e p t i n g  tRNAs from  two d i f f e r e n t
c e l l  t y p e s  can  b e  com pared d i r e c t l y  by  l a b e l l i n g  one p o p u l a t i o n  w i t h
3 14t h e  H- and th e  o t h e r  w i t h  a  C - c o n t a i n i n g  amino a c i d  and
c o - c h r o m a to g r a p h in g  them  on a  s i n g l e  colum n.
R a t i o n a l e  f o r  t h i s  S tu d y
The tRNA p o p u l a t i o n  from  a  b e n ig n  human tum or (le iom yom a) w i l l  
be  c h a r a c t e r i z e d  by  a n a l y z i n g  t h e  RPC-5 e l u t i o n  p r o f i l e s  o f  s e v e r a l  o f  
i t s  i s o a c c e p t i n g  f a m i l i e s  i n  c o m p a r is o n  w i th  t h e i r  c o u n t e r p a r t s  from  a 
n o rm a l  human t i s s u e  ( p l a c e n t a ) . T h is  s e p a r a t i o n  t e c h n iq u e  i s  c a l l e d  
r e v e r s e d - p h a s e  c h ro m a to g ra p h y  b e c a u s e  t h e  column p a c k in g  m a t e r i a l  i s  
p r e p a r e d  by  c o a t i n g  an  i n e r t  s o l i d  s u p p o r t  ( p la s k o n  b e a d s )  w i th  a  lo n g  
c h a i n  a l i p h a t i c  am ine (ad o g en  4 6 4 ) .  T h is  l i q u i d  c o a t i n g  r e s o l v e s  th e  
tRNA s p e c i e s  on t h e  b a s i s  o f  b o th  i o n i c  and h y d ro p h o b ic  i n t e r a c t i o n s  
(181) and can  s e p a r a t e  a  c ru d e  m i x tu r e  o f  tRNAs i n t o  v e r y  many 
s p e c i e s  (1 8 2 ) .  D i f f e r e n c e s  i n  th e  r e l a t i v e  am ounts  o f  th e  i n d i v i d u a l
i s o a c c e p t o r s  a n d / o r  t h e  a p p e a r a n c e  o f  n o v e l  s p e c i e s  o f  tRNA w i l l  b e  
shown i n  t h e s e  p r o f i l e s  and w i l l  be  i n t e r p r e t e d  i n  l i g h t  o f  t h e  
p o s t u l a t e d  r o l e  o f  tRNA i n  r e g u l a t i o n  o f  t r a n s l a t i o n  and  i n  o n c o g e n s i s .
MATERIALS AND METHODS
M a t e r i a l s
U n ifo rm ly  l a b e l l e d  r a d i o a c t i v e  amino a c i d s  w ere  o b t a i n e d
e i t h e r  t h r o u g h  ICN P h a r m a c e u t i c a l s  o r  New E n g lan d  N u c le a r  and had  th e
3
f o l l o w i n g  s p e c i f i c  a c t i v i t i e s :  [ H ] - t y r o s i n e ,  61 C i /m o le ;
3 3 3[ H ] - p h e n y l a l a n i n e ,  60 C i /m o le ;  [ H ] - l y s i n e ,  54 C i /m o le ;  [ H ] - a s p a r t i c
3 14a c i d ,  15 C i /m o le ;  [ H ] - s e r i n e ,  3 c i / m o l e ;  [ C ] - t y r o s i n e ,  0 .4 3  C i /m o le ;
[ ^ C ] - p h e n y l a l a n i n e ,  0 .4 1  C i /m o le ;  [ ^ C ] - l y s i n e ,  0 .3 0  C i /m o le ;
14 14[ C ] - a s p a r t i c  a c i d ,  0 .2 0  C i /m o le  and [ C ] - s e r i n e ,  0 .1 4 5  C i /m o le .  
A q u a so l  was p u r c h a s e d  f ro m  New E n g lan d  N u c le a r .  The f l u o r s ,  PPO and 
POPOP, f o r  t h e  t o l u e n e - b a s e d  s c i n t i l l i n  w e re  p u r c h a s e d  from  New E ng land  
N u c le a r .  Adogen 464 was p u r c h a s e d  from  A l d r i c h  C h e m ic a ls .  The DEAE- 
c e l l u l o s e  r e s i n s ,  DE-32 and C e l l e x  D, w ere  o b t a i n e d  from  Whatman and 
BioRad r e s p e c t i v e l y .
T r i s o d iu m  ATP was p u r c h a s e d  from  Sigma C hem ica l  Company. I t  
was d i s s o l v e d  i n  d i s t i l l e d  w a t e r ,  n e u t r a l i z e d  w i th  d i l u t e  NaOH and 
s t o r e d  i n  s m a l l  a l i q u o t s  a t  -20°C  u n t i l  u s e .  P h e n o l  was r e - d i s t i l l e d  
and s a t u r a t e d  w i t h  0 .1 4  M sod ium  a c e t a t e  pH 4 . 5 .  A c r u d e  r a b b i t  l i v e r  
s y n t h e t a s e  p r e p a r a t i o n ,  p u r i f i e d  a s  d e s c r i b e d  b e lo w , was a  g e n e ro u s  
g i f t  o f  Dr. E r i n  H aw kins . P la s k o n  b e a d s  w ere  k i n d l y  s u p p l i e d  by th e  
Oak R id g e  N a t i o n a l  L a b o r a t o r y .  Human t i s s u e  ( p l a c e n t a s  and th e  
le iom yom a) w ere  o b t a i n e d  from  Dr. M arv in  S tu c k e y  a t  Woman's H o s p i t a l  
i n  B a to n  Rouge, La.
A Beckman LS-255 l i q u i d  s c i n t i l l a t i o n  c o u n t e r  was u se d  f o r  
c o u n t in g  column f r a c t i o n s  o r  a s s a y s .  Two Beckman c e n t r i f u g e s ,  a  J - 2 1  
and  an  L 5 -7 5 ,  w e re  u se d  i n  p r e p a r a t i o n  o f  tRNAs and  am inoacy l- tR N A  
s y n t h e t a s e s .  A G i l f o r d  s p e c t r o p h o t o m e t e r  was u s e d  to  m e a su re  u l t r a ­
v i o l e t  a b s o r b a n c e .
M ethods
T r a n s f e r  RNAs w e re  p u r i f i e d  a c c o r d in g  to  t h e  m ethod o f  B ruce  
Roe (1 8 3 ) .  The t i s s u e  was m inced  and e x t r a c t e d  t h r e e  t im e s  w i t h  e q u a l  
vo lum es o f  0 .1 4  M sod ium  a c e t a t e  pH 4 .5  and b u f f e r - s a t u r a t e d  p h e n o l .  
A f t e r  e a c h  e x t r a c t i o n  t h e  a q u eo u s  and o r g a n i c  p h a s e s  w ere  s e p a r a t e d  by 
c e n t r i f u g a t i o n  a t  8 ,5 0 0  x  g , 4°C f o r  t h i r t y  m i n u te s .  The f i n a l  a q u eo u s  
p h a s e  was a p p l i e d  t o  a  DEAE c e l l u l o s e  column e q u i l i b r a t e d  w i th  t h e  same 
b u f f e r  and  r i n s e d  w i t h  t h a t  b u f f e r  u n t i l  t h e  a b s o r b a n c e  a t  260 nm was 
b e lo w  0 .0 5 .  The se c o n d  p h a s e  o f  th e  e l u t i o n  in v o lv e d  0 .1 4  M sod ium  '  
a c e t a t e  w i t h  0 .3  M NaCl. When th e  a b s o r b a n c e  a t  260 nm had a g a i n  
f a l l e n  be low  0 .0 5  t h e  t h i r d  e l u t i o n  b u f f e r  was a p p l i e d :  0 .1 4  M sodium
a c e t a t e  pH 4 .5  w i th  1 .0  M NaCl.
Column f r a c t i o n s  w ere  a s s a y e d  f o r  amino a c i d  a c c e p t i n g  a b i l i t y  
i n  a  100  y l  r e a c t i o n  m i x t u r e  w hich  c o n t a i n e d  th e  f o l l o w i n g :  100  mil
T r i s  HC1 pH 8 . 5 ,  5 mM MgCl2 , 50 mM KC1, 0 .5  mM EDTA, 2 .5  mM ATP, 5 y l  
o f  a u n i f o r m ly  l a b e l l e d  m i x tu r e  o f  amino a c i d s ,  7 .5  y l  o f  th e  r a b b i t  
l i v e r  enzyme p r e p a r a t i o n  and 60 y l  o f  ea c h  f r a c t i o n .  The tu b e s  w ere  
i n c u b a t e d  f o r  15 m in u te s  a t  37°C. A 75 y l  a l i q u o t  was p l a c e d  on 1-cm 
s q u a r e s  o f  f i l t e r  p a p e r  and  a l lo w e d  to  s o a k  i n  c o m p le t e ly .  The p a p e r s
w ere  th e n  w ashed t h r e e  t i m e s  w i t h  i c e  c o l d  5% t r i c h l o r o a c e t i c  a c i d  
(TCA) and tw ic e  w i th  i c e  c o ld  95% e t h a n o l  t o  remove unbound amino 
a c i d s .  The p a p e r s  w ere  d r i e d ,  p l a c e d  i n  a  t o l u e n e - b a s e d  s c i n t i l l a t i o n  
f l u i d  and c o u n te d .
Column f r a c t i o n s  w h ich  had  h ig h  am ino a c i d  a c c e p t i n g  a c t i v i t y  
w ere  p o o le d ,  com bined w i t h  2 .5  vo lum es o f  i c e  c o l d  95% e t h a n o l  and 
a l lo w e d  to  s t a n d  a t  -20°C  o v e r n i g h t .  The p r e c i p i t a t e d  tRNA was 
c o l l e c t e d  by c e n t r i f u g a t i o n  a t  1 5 ,0 0 0  x g ,  4°C f o r  t h i r t y  m i n u te s ,  
w ashed  w i t h  e t h a n o l ,  d r i e d  u n d e r  vacuum f o r  a  s h o r t  p e r i o d  and 
r e s u s p e n d e d  i n  d i s t i l l e d  w a t e r  to  a  f i n a l  c o n c e n t r a t i o n  o f  100  A^^q 
u n i t s / m l .  I t  was s t o r e d  a t  -20°C  u n t i l  u s e .
P r e p a r a t i o n  o f  C rude Aminoacyl-tRN A  S y n t h e t a s e s
P r e p a r a t i o n  o f  c r u d e  s y n t h e t a s e s  from  human p l a c e n t a  was a 
m o d i f i c a t i o n  o f  two p r o c e d u r e s  ( 1 8 4 ,1 8 5 ) .  A f r e s h  p l a c e n t a  ( o b ta i n e d  
th r o u g h  c a e s a r i a n  s e c t i o n )  was o b t a i n e d  from  Womans H o s p i t a l  i n  B aton  
Rouge and p l a c e d  on i c e  im m e d ia te ly .  I t  was t r a n s p o r t e d  to  t h e  l a b ,  
r i n s e d  w i t h  0 .2 5  M s u c r o s e ,  20 mM T r i s  HC1, 100 mM NH^Cl, 1 mM M gC^ 
and 1 mM DTT, pH 7 . 5 ,  and m in ced .  A f t e r  b e in g  f i l t e r e d  th ro u g h  
c h e e s e c l o t h ,  i t  was c e n t r i f u g e d  a t  1 5 ,0 0 0  x g f o r  t e n  m in u te s  a t  4°C. 
The s u p e r n a t a n t  was c e n t r i f u g e d  a t  1 5 0 ,0 0 0  x g f o r  80 m in u te s  and 4°C 
i n  a Beckman L5-75 u l t r a c e n t r i f u g e .  T h i s  se c o n d  s u p e r n a t a n t  was 
a p p l i e d  d i r e c t l y  t o  a  D E A E -c e l lu lo s e  colum n e q u i l i b r a t e d  w i th  10 mM 
p o ta s s iu m  p h o s p h a te  pH 7 . 5 ,  2 mM DTT, 1 mM Na^ EDTA, 5 mM M gC^ and 
15% g l y c e r o l .  The column was r i n s e d  w i t h  s t a r t i n g  b u f f e r  u n t i l  t h e
a b s o r b a n c e  a t  280 nm f e l l  be low  0 .0 5 .  The s y n t h e t a s e s  w e re  t h e n  e l u t e d  
w i t h  10 mM p o ta s s iu m  p h o s p h a te  pH 6 . 5 ,  0 .2 5  M KC1, 2 mM DTT, 1 mM
Na^ EDTA, 5 mM MgCl2 and 15% g l y c e r o l .
Column f r a c t i o n s  w ere  a s s a y e d  f o r  am ino a c y l a t i o n  a c t i v i t y  
i n  a  100 y l  r e a c t i o n  m i x tu r e  w h ich  c o n t a i n e d  t h e  f o l l o w i n g :  100 mM
T r i s  HC1 pH 7 . 5 ,  10 mM MgCl2 , 50 mM KC1, 2 mM DTT, 5 mM sod ium  ATP 
pH 7 . 0 ,  100 yg /m l c r u d e  p l a c e n t a  tRNA, 2 y l  o f  a  u n i f o r m ly  ^ C - l a b e l l e d  
m i x tu r e  o f  amino a c i d s ,  and  20 y l  o f  colum n f r a c t i o n  m a t e r i a l .
I n c u b a t i o n  was a t  37°C f o r  15 m i n u te s .  The amount o f  a m in o a c y la te d  
tRNA was d e te r m in e d  a s  i n  t h e  tRNA a s s a y s  d e s c r i b e d  a b o v e .  A c t i v e  
f r a c t i o n s  w ere  p o o le d  and  c o n c e n t r a t e d  by d i a l y s i s  a g a i n s t  63% g l y c e r o l
t o  g i v e  a  f i n a l  g l y c e r o l  c o n c e n t r a t i o n  o f  50% ( v / v ) . They w ere  s t o r e d
a t  -20 °C  i n  s m a l l  a l i q u o t s .
D e te r m in a t io n  o f  Optimum C o n d i t io n s  f o r  A m in o a c y la t io n  o f  tRNA
Optimum c o n d i t i o n s  f o r  a m i n o a c y l a t i o n  o f  c ru d e  tRNA p r e p a r a t i o n s  
w i th  i n d i v i d u a l  r a d i o a c t i v e l y  l a b e l l e d  am ino a c i d s  w ere  d e te r m in e d  i n  
t h e  f o l l o w i n g  m anner.  1) The o p t i m a l  pH and l e n g t h  o f  i n c u b a t i o n  
w ere  d e te rm in e d  by  c a r r y i n g  o u t  f o u r  400 y l  a s s a y s  w h ich  c o n t a i n e d  th e  
f o l l o w i n g :  10 mM MgCl2 , 5 mM sodium  ATP ph 7 . 0 ,  16 y l  o f  t h e  r a d i o ­
a c t i v e  amino a c i d  i n  q u e s t i o n ,  20 y l  o f  e i t h e r  r a b b i t  l i v e r  o r  p l a c e n t a  
s y n t h e t a s e ,  40 A ^ ^  u n i t s  o f  c r u d e  p l a c e n t a  tRNA and 10 mM T r i s  HC1 o f  
pH 7 . 0 ,  7 . 5 ,  8 .0  o r  8 .5  r e s p e c t i v e l y .  I n c u b a t i o n  was a t  37°C.
A l i q u o t s  o f  50 y l  w e re  removed a f t e r  0 ,  2 ,  5 ,  1 0 ,  15, 20 o r  30 m in u te s  
o f  i n c u b a t i o n  and c o u n te d  a s  u s u a l .  The pH and t im e  o f  i n c u b a t i o n
w hich  showed t h e  h i g h e s t  a c t i v i t y  w ere  u s e d  f o r  s u b s e q u e n t  a s s a y s .
2) Once t h e  o p t i m a l  pH and t im e  o f  i n c u b a t i o n  w ere  d e te r m in e d  th e  
seco n d  s t e p  in v o l v e d  c h o i c e  o f  b u f f e r  and o f  t h e  MgCl^iATP r a t i o .  
A ssay s  w ere  c a r r i e d  o u t  a s  above  e x c e p t  t h a t  T r i s  HC1, HEPES o r  
c a c o d y l a t e  b u f f e r s  w ere  t r i e d ,  and t n e  c o n c e n t r a t i o n  o f  HgCl^ was 
v a r i e d  w h i l e  t h e  ATP c o n c e n t r a t i o n  was h e l d  a t  4 mM. 3) The l a s t  
a s s a y  m e a su re d  t h e  e f f e c t s  o f  v a r i o u s  a d d i t i o n s  on a m in o a c y l a t i o n  
a c t i v i t y .  The f o l l o w i n g  compounds w ere  added  to  t h e  r e a c t i o n  m ix tu r e  
and t h e  a c t i v i t y  com pared  to  a  c o n t r o l  tu b e  w h ich  c o n t a in e d  no 
a d d i t i o n s :  0 .5  mM Na^ EDTA, 2 mM 2 - m e r c a p t o e t h a n o l ,  and 50 mM KC1.
P r e p a r a t i v e  S c a l e  A m in o a c y la t io n
Once t h e  o p t i m a l  c o n d i t i o n s  had  b e e n  w orked o u t  f o r  e a c h  
i s o a c c e p t i n g  f a m i ly  o f  tRNAs, a l a r g e  s c a l e  a m i n o a c y l a t i o n  was 
p e r fo rm e d  (1 8 6 ) .  T h ese  p r e p a r a t i v e - s c a l e  r e a c t i o n s  t y p i c a l l y  in v o l v e d  
a  2 -3  ml vo lum e.
The tRNA sa m p le s  w ere  d e n a t u r e d  and r e a n n e a l e d  by h e a t i n g  them 
t o  6 5 °C f o r  f i v e  m in u te s  i n  10 mM T r i s  HC1 pH 7 . 0 ,  10 mil MgCl^ and 
a l l o w i n g  them t o  c o o l  s lo w ly .  They w ere  th e n  a m in o a c y la te d  u n d e r  
c o n d i t i o n s  d e t e r m in e d  a b o v e .  At t h e  end o f  t h e  r e a c t i o n  t h e  s o l u t i o n  
was a c i d i f i e d  w i th  sod ium  a c e t a t e  pH 4 . 5 ,  e x t r a c t e d  tw ic e  w i th  b u f f e r -  
s a t u r a t e d  p h e n o l  and t h r e e  t im e s  w i t h  b u f f e r - s a t u r a t e d  e t h e r .  The 
tRNA was p r e c i p i t a t e d  w i th  two vo lum es o f  i c e  c o ld  a b s o l u t e  e t h a n o l .  
A f t e r  s t a n d i n g  a t  -80°C  f o r  90 m i n u te s ,  t h e  p r e c i p i t a t e  was spun  down, 
d r i e d  u n d e r  vacuum f o r  a  few m i n u t e s ,  r e s u s p e n d e d  i n  50 mM sodium
a c e t a t e  and d i a l y z e d  a g a i n s t  one ch an g e  o f  0 .5  M NaCl i n  50 mil sodium  
a c e t a t e  pH 4 . 5 ,  and th e n  a g a i n s t  two c h a n g e s  o f  2 mM sod ium  a c e t a t e  
pH 4 . 5 .  A 5 y l  a l i q u o t  o f  e a c h  d i a l y s a t e  was removed f o r  d e t e r m i n a t i o n  
o f  t o t a l  r a d i o a c t i v i t y .
P r e p a r a t i o n  o f  RPC-5 P a c k in g  M a t e r i a l
The p a c k in g  m a t e r i a l  f o r  t h e  RPC-5 column was p r e p a r e d  
a c c o r d in g  to  m o d i f i c a t i o n s  o f  two m ethods  ( 1 8 7 ,1 8 8 ) .  Adogen 464 
(15 m is )  was com bined w i t h  250 m is  o f  0 .4  M NaCl, 10 mil sod ium  a c e t a t e  
pH 4 . 5 ,  10 mM MgCl^ and m ixed  i n  a b l e n d e r  f o r  f i v e  m in u te s  a t  room 
t e m p e r a t u r e .  Then 100 gram s o f  p l a s k o n  b e a d s  w ere  added  and th e  
m i x tu r e  was b le n d e d  f o r  f i v e  tw o -m in u te  i n t e r v a l s ;  s u f f i c i e n t  t im e  was 
a l lo w e d  b e tw ee n  m ix in g s  t o  a v o id  o v e r h e a t i n g .  The r e s i n  was th e n  
p o u re d  i n t o  a  b u c h n e r  f u n n e l  and  w ashed w i t h ,  f i r s t ,  f o u r  l i t e r s  o f  
1 .5  M NaCl i n  10 mM sod ium  a c e t a t e  pH 4 . 5 ,  10 mil MgCl? and s e c o n d ,  two 
l i t e r s  o f  0 . 4  M NaCl i n  t h e  a c e ta t e - m a g n e s iu m  c h l o r i d e  b u f f e r .  The 
column was p ack e d  i n  t h i s  low s a l t  b u f f e r  and th e n  com pacted  by h a v in g  
2 M N aCl, 10 mM sodium  a c e t a t e  pH 4 .5  and 10 mil M gC^ pumped th ro u g h  
i t  a t  300 p s i  o v e r n i g h t .
RPC-5 C hrom atography
A p p ro x im a te ly  8 0 ,0 0 0  cpm o f  "^ H - la b e l le d  tRNA and 4 0 ,0 0 0  cpm of
14 C - l a b e l l e d  tRNA w ere  com bined  w i th  50 u n i t s  o f  u n l a b e l l e d  y e a s t
tRNA as  an  OD m a rk e r ,  and  i n j e c t e d  i n t o  a  0 .9  by 52 cm colum n. I t  was 
e l u t e d  w i th  a  c o n ca v e  g r a d i e n t  o f  0 .4 5  to  0 .8 5  M NaCl i n  525 ml o f  10 mM 
sodium  a c e t a t e  pH 4 . 5 ,  10 mM M gC ^- The column was o p e r a t e d  a t  100 p s i
t o  g e n e r a t e  a  f lo w  r a t e  o f  27 m l / h r .  F r a c t i o n s  o f  1 .8  ml w ere  
c o l l e c t e d  and 1 .5  ml o f  e a c h  w ere  c o u n te d  i n  10 ml o f  A q u aso l  i n  a  
Beckman LS 255 l i q u i d  s c i n t i l l a t i o n  c o u n t e r .  Each f r a c t i o n  was 
c o u n te d  t h r e e  t i m e s ,  and t h e  a v e r a g e ,  c o r r e c t e d  f o r  b a c k g ro u n d  and 
o v e r l a p ,  was n o r m a l i z e d  t o  p ic o m o le s  o f  a m in o a c y l  tRNA.
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RESULTS
P r e p a r a t i o n  o f  A m inoacyl-tRN A  S y n t h e t a s e s
F i g u r e  13 shows t h e  D E A E -c e l lu lo s e  e l u t i o n  p r o f i l e  f o r  t h e
p u r i f i c a t i o n  o f  a  m i x t u r e  o f  a m in o a c y l  tRNA s y n t h e t a s e  from  human
p l a c e n t a .  F r a c t i o n s  40 -5 5  w ere  p o o le d  a n d ,  a f t e r  c o n c e n t r a t i o n ,  gave
80 A2g0  u n i t s  o f  p r o t e i n .  The a c t i v i t y  o f  t h i s  enzyme p r e p a r a t i o n
was s i m i l a r  t o  t h a t  o f  r a b b i t  l i v e r  s y n t h e t a s e  p r e p a r a t i o n s  ( d a t a  n o t
- 3
s h o w n ) . As l i t t l e  a s  4 x 10 A280 u n i t s  o f  tlle syn t t ie ta se  p r e p a r a t i o n
g av e  a  l i n e a r  r e s p o n s e  o f  a c t i v i t y  v s .  tRNA c o n c e n t r a t i o n  up to
500 y g /m l o f  tRNA. ( F ig u r e  14) T h is  enzyme was a l s o  s i m i l a r  to  t h e
r a b b i t  l i v e r  p r e p a r a t i o n  when u s e d  i n  p r e p a r a t i v e - s c a l e  a m i n o a c y l a t i o n s .
, PheTne RPC-5 p r o f i l e s  o f  p l a c e n t a  tRNA a m in o a c y la te d  w i t h  e i t h e r  enzyme
p r e p a r a t i o n  a r e  i d e n t i c a l  ( d a t a  n o t  s h o w n ) .
O p tim a l  C o n d i t i o n s  f o r  A m in o a c y la t io n
The optimum c o n d i t i o n s  f o r  a m i n o a c y l a t i o n  o f  p l a c e n t a  tRNA a r e  
shown i n  T a b le  V I I .  T h ese  c o n d i t i o n s  w ere  a l s o  u sed  f o r  t h e  tum or tRNA 
p r e p a r a t i o n  i n  o r d e r  t o  a v o id  any d i f f e r e n c e s  w hich  would  make 
c o m p a r is o n  o f  n o rm a l  and  tum or tRNA e l u t i o n  p r o f i l e s  more d i f f i c u l t .
RPC-5 P r o f i l e s
S  GT*The RPC-5 p r o f i l e  o f  tRNA i s  shown i n  F ig u r e  15. The tRNA 
from  t h e  n o rm a l  t i s s u e  h a s  one m ino r  and two m a jo r  p e a k s .  The tum or 
p r o f i l e  h a s  two e x t r a  e a r l y - e l u t i n g  p e a k s .
F ig u r e  1 3 . E l u t i o n  p r o f i l e  o f  c ru d e  am inoacy l- tR N A  s y n t h e t a s  
from  a  D E A E -c e l lu lo s e  co lum n.
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F R A C T I O N  N U M B E R
F ig u r e  1 4 . C - l a b e l l e d  amino a c i d s  i n c o r p o r a t e d  i n  15 m i n u te s ,  w i t h  
10 p i  o f  a m in o a c y l  tRNA s y n t h e t a s e  p r e p a r a t i o n ,  a s  a  f u n c t i o n  o f  tRNA 
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TABLE VII
O p tim a l  A m in o a c y la t io n  C o n d i t i o n s  f o r  P l a c e n t a  tRNAs
I s o a c c e p t i n g
F am ily
L e n g th
o f
I n c u b a t i o n
PH B u f f e r [MgCl2 ] A d d i t i o n s
tRNAPhe 15 m in u te s 7 .0 T r i s  Cl 20 mM 0 .5  mM Na9 EDTA
tRNAAsp 30 m in u te s 7 .5 T r i s  Cl 20 mM None
tRNATyr 30 m in u te s 7 .0 T r i s  Cl 12 mM None
tRNALyS 20 m in u te s 7 .0 T r i s  Cl 4 mM None
tRNAS er 20 m in u te s ' S. 5 T r i s  Cl 8 mM 0 .5  mM Na0 EDTA
F ig u r e  1 5 . RPC-5 c h r o m a to g r a p h ic  p r o f i l e  o f  human p l a c e n t a  # — •









F R A C T I O N  NUMBER
F or tRNA^S^ ( F ig u r e  16) t h e r e  i s  a  s i n g l e  m a jo r  i s o a c c e p t o r
i n  t h e  p l a c e n t a  t i s s u e  a lo n g  w i th  3 -4  m in o r  s p e c i e s .  The p r o f i l e  o f
t h e  tum or tRNAs d i f f e r s  from  i t s  n o rm a l  c o u n t e r p a r t  b o th  q u a l i t a t i v e l y
and q u a n t i t a t i v e l y .  The m a jo r  p e a k  i s  much h i g h e r  i n  t h e  tum or
p r o f i l e  and an e x t r a  s low -m ov ing  p e a k  a p p e a r s .
The p r o f i l e s  o f  tRNA'I'^ r  a r e  shown i n  F ig u r e  17 . The n o rm a l
tRNA h a s  f o u r  t o  f i v e  i s o a c c e p t o r s .  The same p e a k s  a r e  p r e s e n t  i n
t h e  tum or p r o f i l e ,  b u t  t h e r e  a r e  two a d d i t i o n a l  i s o a c c e p t o r s  o f  tum or 
TvrtRNA . T h ese  e x t r a  p e a k s  a r e  e l u t e d  a t  a h i g h e r  s a l t  c o n c e n t r a t i o n
th a n  th o s e  from  th e  p l a c e n t a  t i s s u e .  T h e re  a l s o  seems to  be  much more 
TyrtRNA i n  t h e  le iom yom a th a n  th e  n o rm a l  c e l l s .
The RPC-5 p r o f i l e s  o f  tR N A ^ s a r e  shown i n  F i g u r e  18. They
d i f f e r  i n  t h e  r e l a t i v e  am ounts  o f  t h e  two i s o a c c e p t o r s  and i n  t h e
a b s o l u t e  l e v e l s  o f  t o t a l  l y s i n e - a c c e p t i n g  a c t i v i t y .
PtlGThe RPC-5 p r o f i l e  o f  tRNA i s  shown i n  F ig u r e  19. The
n o rm a l t i s s u e  h a s  o n ly  one i s o a c c e p t o r .  The tRNA o f  th e  le iomyom a
i s  i n  f o u r  p e a k s ,  one c o r r e s p o n d i n g  to  t h a t  f rom  t h e  p l a c e n t a  and
t h r e e  e x t r a ,  e a r l y - e l u t i n g  i s o a c c e p t o r s .
C om parison  o f  t h e s e  f i v e  s e t s  o f  p r o f i l e s  shows q u a n t i t a t i v e
o r  q u a l i t a t i v e  d i f f e r e n c e s  b e tw ee n  th e  n o rm a l  and tum or t i s s u e  i n
Tyr  Lysea c h  i n s t a n c e .  I n  two c a s e s ,  t h o s e  o f  tRNA and tRNA ' , t h e r e  w ere
a l s o  d i f f e r e n c e s  i n  t h e  a b s o l u t e  am ounts  o f  tRNA b e tw ee n  th e  two 
ty p e s  o f  t i s s u e .
F ig u r e  1 6 . RPC-5 p r o f i l e s  o f  human p l a c e n t a  # -----9  and leiomyom a
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Figure 19. RPC-5 profile of human placenta
Pii6












G e n e r a l  Comments
R e v e r s e d - p h a s e  c h r o m a to g r a p h y  i s  a  t e c h n i q u e  by  w h ich  tRNAs 
c a n  b e  v e r y  h i g h l y  r e s o l v e d  (1 8 2 ) .  A l th o u g h  co lumns u s e d  i n  t h i s  
work  can  s e p a r a t e  c r u d e  y e a s t  tRNA i n t o  more t h a n  t w e n t y  w e l l -  
r e s o l v e d  p e a k s  ( d a t a  n o t  s h o w n ) , t h e s e  p r o f i l e s  a r e  n o t  e n t i r e l y  
r e p r o d u c i b l e  i n  my h a n d s .  Two p ro b le m s  come i n t o  p l a y  h e r e .  The 
f i r s t  i s  one o f  r e c o v e r y .  When tRNA i s  l o a d e d  o n to  t h e  column some 
o f  i t  i s  " l o s t , "  p r e s u m a b l y  bound i r r e v o c a b l y  t o  t h e  column m a t e r i a l .  
The o t h e r  p ro b le m  w hich  c o m p l i c a t e s  i n t e r p r e t a t i o n  o f  RPC-5 e l u t i o n  
p r o f i l e s  i s  one  o f  co lumn c a p a c i t y .  Through  s u c c e s s i v e  u s e s  o f  t h e  
column some o f  t h e  adogen  464 c o a t i n g  i s  r i n s e d  o f f  (189) . As t h e  
c o a t i n g  i s  l o s t  t h e  column p a c k i n g  m a t e r i a l  i s  l e s s  and l e s s  a b l e  t o  
b i n d  tRNAs. Whi le  i t  i s  assumed t h a t  t h e  " e x c e s s "  tRNAs a r e  washed  
t h r o u g h  t h e  column n o n - s p e c i f i c a l l y  t h e  p o s s i b i l i t y  r e m a in s  t h a t  some 
i s o a c c e p t o r s  may b e  s l o u g h e d  o f f  t o  a  g r e a t e r  e x t e n t  t h a n  o t h e r s .  
N e i t h e r  o f  t h e s e  p ro b le m s  i s  i n s u r m o u n t a b l e ;  e a c h  o f  t h e  p r o f i l e s  
p r e s e n t e d  h e r e  h a s  b e e n  r e p r o d u c e d  a t  l e a s t  t w i c e ,  and i n  some c a s e s  
a s  many a s  f o u r  t i m e s .  N e v e r t h e l e s s ,  i n  v ie w  o f  t h e s e  l i m i t a t i o n s  
c a u t i o n  m us t  be  e x e r c i s e d  i n  i n t e r p r e t a t i o n  o f  s u b t l e  d i f f e r e n c e s  i n  
p r o f i l e s .
A s e c o n d  c o n s i d e r a t i o n  w h ich  mus t  be  made c o n c e r n s  t h e  am ino -  
a c y l a t i o n  c o n d i t i o n s .  T h ese  w ere  i d e n t i c a l  f o r  any i s o a c c e p t i n g  
f a m i l y  o f  tRNAs i n  t h e  two p o p u l a t i o n s .  They w ere  c h o s e n  so  a s  t o  
g i v e  t h e  maximum r a t e  and e x t e n t  o f  a m i n o a c y l a t i o n .  They may o r  may 
n o t  r e f l e c t  t h e  c o n d i t i o n s  w h ich  o b t a i n  in vivo. S i n c e  t h e  two tRNA 
p r e p a r a t i o n s ,  t h a t  f rom p l a c e n t a  and t h a t  o f  le iomyoma,  w ere  t r e a t e d  
i d e n t i c a l l y ,  d i f f e r e n c e s  b e tw e e n  t h e i r  two p r o f i l e s  a r e  assumed t o  be  
v a l i d .  However,  t h e  d i f f e r e n c e s  w i t h i n  any  one  p r o f i l e ,  f o r  exam ple
A o n
among t h e  i s o a c c e p t o r s  o f  tRNA f rom human p l a c e n t a ,  may be 
d r a m a t i c a l l y  a f f e c t e d  by s u b t l e  c h a n g e s  i n  t h e  magnesium c o n c e n t r a t i o n  
o r  i n  t h e  i o n i c  s t r e n g t h  o f  t h e  s o l v e n t  ( 1 9 0 ) .  T h i s  c o n s i d e r a t i o n  
makes c o m p a r i s o n s  o f  t h e  p r o f i l e s  o b t a i n e d  i n  d i f f e r e n t  l a b o r a t o r i e s  
more d i f f i c u l t .  U n l e s s  t h e  a m i n o a c y l a t i o n  and  e l u t i o n  c o n d i t o n s  a r e  
p r e c i s e l y  t h e  same t h e  i s o a c c e p t o r s  w h ich  a p p e a r  a s  m a jo r  p e a k s  i n  
one p r o f i l e  may be  somewhat r e d u c e d  i n  a n o t h e r .  W i t h i n  t h e  c o n t e x t  o f  
t h e s e  p r e c a u t i o n s ,  h o w ev e r ,  s u c h  c o m p a r i s o n s  w i l l  b e  a t t e m p t e d .  I n  
g e n e r a l ,  t h e  a g re e m e n t  i s  good ,  a l t h o u g h  t h i s  i s  n o t  a lw a y s  t h e  c a s e .
S GITT u m o r - s p e c i f i c  tRNA
S t u d i e s  o f  t h e  d i f f e r e n c e s  b e tw e e n  s e r i n e - a c c e p t i n g  tRNAs
from n o rm a l  and tumor  t i s s u e s  h ave  u n i f o r m l y  shoxvn t h e  e x i s t e n c e ,  i n
c a n c e r  c e l l s ,  o f  e x t r a ,  e a r l y - e l u t i n g  s p e c i e s  ( 1 9 1 - 1 9 8 ) .  Kuchino  and
Borelc (198) a l s o  found  t h a t  one o f  t h e  i s o a c c e p t o r s  o f  n o rm a l  t i s s u e
Serwas m i s s i n g  f rom t h e  tumor tRNA p r o f i l e .  The r e s u l t s  shown i n
F i g u r e  15 a r e  i n  good a g r e e m e n t  w i t h  t h e s e .  The n a t u r e  o f  t h e  e x t r a
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tRNA p e a k s  i s  unknown. I n  a n o t h e r  s y s t e m ,  h o w e v e r ,  R a n d e r a t h  e t  a t .
S er(199) a n a l y z e d  t h e  s e q u e n c e  o f  one  o f  t h e  e x t r a  s p e c i e s  o f  tRNA 
I n  M o r r i s  hepa tom a  t h e  t u m o r - s p e c i f i c  i s o a c c e p t o r  h a s  a  p a r e n t  
s e q u e n c e  i d e n t i c a l  t o  one  o f  t h o s e  f rom r a t  l i v e r ;  i t  d i f f e r s  o n l y  
i n  t h e  e x t e n t  o f  i t s  m o d i f i c a t i o n .  The e a r l y - e l u t i n g  tRNA s p e c i e s  
f rom leiomyoma may a l s o  be  u n d e r m o d i f i e d  v e r s i o n s  o f  t h e i r  n o rm a l  
c o u n t e r p a r t s .
T u m o r - s p e c i f i c  tRNA^S^ and tRNA'*~^r
S t u d i e s  o f  t h e  c h r o m a t o g r a p h i c  b e h a v i o r  o f  t y r o s i n e  and 
a s p a r t i c  a c i d - a c c e p t i n g  tRNAs f rom n o rm a l  and tumor c e l l s  have  a l m o s t  
u n i f o r m l y  o b s e r v e d  i n c r e a s e s  i n  t h e  l a t e  e l u t i n g  i s o a c c e p t o r s  
a s s o c i a t e d  w i t h  c a n c e r  (200-207  and F i g u r e s  16 and  1 7 ) .  I n  n o rm a l  
c e l l s  t h e s e  tRNAs o f t e n  c o n t a i n  t h e  h y p e r m o d i f i e d  b a s e  Q ( 2 0 8 ) ,  w h ich  
i s  s y n t h e s i z e d  i n  t h e  c y t o p l a s m  and  t h e n  i n s e r t e d  i n t o  t h e  tRNA a t  
s p e c i f i c  p o s i t i o n s  by a  tRNA t r a n s g l y c o s i d a s e ,  a "G i n s e r t i o n  
enzyme" (2 0 9 ) .  The a b s e n c e  o f  t h i s  r e s i d u e  h a s  b e e n  i m p l i c a t e d  i n  
t h e  a p p e a r a n c e  o r  i n c r e a s e  o f  t h e  l a t e - e l u t i n g  tRNA s p e c i e s  (210) as  
have  d i f f e r e n c e s  i n  t h e  e x t e n t  o f  m e t h y l a t i o n  ( 2 1 1 , 2 1 2 ) .  These  
r e s u l t s ,  when t a k e n  t o g e t h e r ,  s u g g e s t  t h a t  t h e  a l t e r a t i o n s  i n  t h e  
p r o f i l e s  o f  t h e s e  two f a m i l i e s  o f  i s o a c c e p t o r s  r e f l e c t  a c c u m u l a t i o n  o f  
p r e c u r s o r s  o f  t h e  m a t u r e  tRNA s p e c i e s .
T u m o r - s p e c i f i c  tRNA^ 3
L y s i n e - a c c e p t i n g  tRNAs have  b e e n  e x t e n s i v e l y  s t u d i e d ,  n o t  o n ly  
i n  tumor  c e l l s ,  b u t  a l s o  i n  d e v e l o p i n g  and d i f f e r e n t i a t i n g
o n e s  ( 2 1 3 -2 1 8 ,  F i g u r e  1 8 ) .  A l th o u g h  t h e  a b s o l u t e  number o f  p e a k s  i n
any p a r t i c u l a r  p r o f i l e  h a s  v a r i e d  w i d e l y  t h e  r e s u l t s  h a v e  u s u a l l y  b e e n
i n  a g r e e m e n t  t h a t  t h e  r e l a t i v e  am oun ts  o f  e a c h  i s o a c c e p t o r  c h a n g e s
b e tw e e n  c e l l  t y p e s .  Two tRNA s p e c i e s ,  i n  p a r t i c u l a r ,  h a v e  b e e n
o b s e r v e d  t o  i n c r e a s e  w i t h  p r o l i f e r a t i o n  and  c e l l  d i v i s i o n  and t o
d e c r e a s e  on c e l l  d i f f e r e n t i a t i o n  ( 2 1 6 , 2 1 8 ) .  Raba e t  a t .  (219) a n a l y z e d
t h e  s e q u e n c e s  o f  t h r e e  i s o a c c e p t o r s  f rom n o rm a l  r a t  l i v e r  and one  o f
t h e  " t u m o r - s p e c i f i c "  p e a k s  f rom  S V 4 0 - t r a n s f o rm e d  mouse f i b r o b l a s t s -
They found  t h a t  t h e  t u m o r - s p e c i f i c  tRNA d i f f e r e d  f rom one o f  i t s
n o rm a l  c o u n t e r p a r t s  o n l y  i n  two p o s i t i o n s ,  D20 and Tm,-^, b o t h  o f  w h ich
w ere  u n d e r m o d i f i e d .  The v a r i a t i o n  i n  t h e  numbers  o f  p e a k s  on t h e
LyS
e l u t i o n  p r o f i l e s  o f  tRNA r e f l e c t s  t h e  p ro b le m s  i n h e r e n t  i n  RPC-5 
c h r o m a to g r a p h y .  The c h an g e  i n  d i s t r i b u t i o n  o f  t h e  i s o a c c e p t o r s ,  
how ever ,  i s  a g a i n  c o n s i s t e n t  w i t h  a p r e c u r s o r - p r o d u c t  r e l a t i o n s h i p  
among r h e  tRNA s p e c i e s .  Such a c h an g e  was o b s e r v e d  i n  t h e  c a s e  o f  
le iomyoma ( F i g u r e  18) .
P ll£T u m o r - s p e c i f i c  tRNA
P h e n y l a l a n i n e - a c c e p t i n g  tRNA i s  t h e  m os t  f r e q u e n t l y  s t u d i e d  
s p e c i e s  i n  tumor  c e l l s ,  p r o b a b l y  b e c a u s e  i t  e x i s t s  a s  a s i n g l e  
i s o a c c e p t o r  i n  n o rm a l  t i s s u e .  I t  c o n t a i n s  a h y p e r m o d i f i e d  b a s e ,  Y r ,  
a t  t h e  3 ' - s i d e  o f  i t s  a n t i c o d o n  ( 2 3 7 ) .  I n  e v e r y  tumor  s y s t e m  exam in ed ,  
i n c l u d i n g  t h e  c a s e  p r e s e n t e d  h e r e ,  e x t r a  e a r l y - e l u t i n g  p e a k s  a r e  
p r e s e n t  i n  t h e  p r o f i l e s  o f  tumor  c e l l s  ( 2 2 0 - 2 3 1 ,  F i g u r e  1 9 ) .
M u s h i n s k i  and M a r i n i  (227)  found  t h a t  one o f  t h e  e x t r a  p e a k s  may be
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a n  a r t i f a c t  o f  t h e  tRNA p u r i f i c a t i o n  m e th o d s :  u n b u f f e r e d  p h e n o l  can
h a v e  a pH lo w e r  t h a n  2 . 5  and a t  t h i s  pH t h e  Y b a s e  can  be  c l e a v e d
away f rom  i t s  tRNA. T h i s  d o e s  n o t  a c c o u n t  f o r  a l l  o f  t h e  e x t r a  p e a k s ,
how ever  ( 2 2 8 ) ,  a l t h o u g h  i t  h a s  b e e n  t a k e n  a s  an  i n d i c a t i o n  t h a t  tumor
s p e c i f i c  tRNAs l a c k  t h e  Y b a s e  in vivo. S e v e r a l  o f  t h e  s t u d i e s  h ave
i m p l i c a t e d  Y b a s e  s y n t h e s i s  i n  t h e  a p p e a r a n c e  o f  e x t r a  s p e c i e s  o f  
PtlGtRNA f rom  n e o p l a s t i c  t i s s u e  ( 2 2 9 ,2 3 0 )  and t h e  s e q u e n c e  o f  one  o f  
t h e s e  e a r l y  p e a k s  i n d i c a t e s  t h a t  i t  i s  an u n d e r m o d i f i e d  v e r s i o n  o f  i t s  
c o u n t e r p a r t  i n  n o rm a l  c e l l s  ( 2 2 6 ) .  The p r o f i l e s  i n  F i g u r e  20 a r e  i n  
good a g r e e m e n t  w i t h  t h o s e  d e s c r i b e d  ab o v e .
S i g n i f i c a n c e  o f  t h e s e  F i n d i n g s
I n  summary,  t h e n ,  t h e  RPC-5 e l u t i o n  p r o f i l e s  d e s c r i b e d  h e r e  
a r e  i n  b a s i c a l l y  good a g r e e m e n t  w i t h  t h o s e  p u b l i s h e d  e l s e w h e r e .  The 
p r e s e n c e  o f  a d d i t i o n a l  i s o a c c e p t o r s  and  t h e  s h i f t  i n  e l u t i o n  p o s i t i o n  
o r  r e l a t i v e  a b u n d an c e  o f  e x i s t i n g  tRNA s p e c i e s  c o i n c i d e  w i t h  t h e  
f i n d i n g s  o f  o t h e r  w o r k e r s .  T hese  d a t a  e x t e n d  t h e  p r e v i o u s  f i n d i n g s  i n  
two w ays :  1 ) t h e y  a r e  t h e  f i r s t  c a s e  i n  w h ich  s e v e r a l  i s o a c c e p t i n g
f a m i l i e s  o f  tRNAs f rom a  human tumor  h a v e  b e e n  e x am in ed ,  and 2) t h e y  
r e f e r  t o  a  b e n i g n  tu m o r .
The o b s e r v a t i o n  t h a t  a l t e r a t i o n s  i n  t h e  c h r o m a t o g r a p h i c  
p r o f i l e s  o f  s e v e r a l  g r o u p s  o f  tRNA i s o a c c e p t o r s  a p p e a r  c o n c o m i t a n t l y  
s u g g e s t s  t h a t  t h e y  r e f l e c t  a  g e n e r a l  e f f e c t  on tRNA, r a t h e r  t h a n  one 
w h ich  i n v o l v e s  p a r t i c u l a r  tRNA s p e c i e s .  The p r o p o s a l  t h a t  t h e r e  i s  a 
p r e c u r s o r - p r o d u c t  r e l a t i o n s h i p  among t h e  new and p r e - e x i s t i n g
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i s o a c c e p t o r s  i s  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  c a n c e r  c e l l s  a r e  
c h a r a c t e r i z e d  by  i n c r e a s e d  s y n t h e s i s  and d e g r a d a t i o n  o f  tRNA (164) and 
t h a t  t h e  r a t e  o f  s y n t h e s i s  e x c e e d s  t h e  c a p a c i t y  o f  t h e  m a t u r a t i o n  
enzyme t o  m od i fy  t h e  p r i m a r y  t r a n s c r i p t s .  T h i s  i s  n o t  t o  s a y  t h a t  
t h e s e  a l t e r a t i o n s  a r e  b y - p r o d u c t s  o f  t h e  g e n e r a l  i n c r e a s e  i n  g row th  
r a t e  o f  c a n c e r  c e l l s  o r  t h a t  t h e  p o s s i b i l i t y  o f  a r e g u l a t o r y  r o l e  f o r  
tumor  s p e c i f i c  tRNAs i n  o n c o g e n e s i s  i s  r u l e d  o u t .
The f a c t  t h a t  tRNAs f rom t h i s  b e n i g n  tumor  show t h e  same 
a l t e r a t i o n s  i n  c h r o m a t o g r a p h i c  b e h a v i o r  a s  t h o s e  f rom m a l i g n a n t  c e l l s  
i s  a l s o  s i g n i f i c a n t .  B en ign  tu m ors  occupy  an  i n t e r m e d i a t e  p o s i t i o n  
i n  t h e  s p e c t r u m  w hich  r a n g e s  from n o rm a l  d i f f e r e n t i a t e d  c e l l s  to  
u n d i f f e r e n t i a t e d  m a l i g n a n c y .  I f  t h e  e x t e n t  o f  a l t e r a t i o n s  i n  tRNA 
p o p u l a t i o n s  w ere  d i r e c t l y  r e l a t e d  t o  g ro w th  r a t e ,  i n v a s i v e n e s s  o r  
d i f f e r e n t i a t i o n  o f  t h e  tumor  t h e n  one m i g h t  e x p e c t  f ew er  e x t r a  
i s o a c c e p t o r s  o r  a  s m a l l e r  c h an g e  i n  t h e  r e l a t i v e  a b u n d an c e  o f  p r e ­
e x i s t i n g  tRNa s p e c i e s  i n  t h e  tRNA p o p u l a t i o n  f rom t h i s  b e n i g n  tum or .  
T h i s  i s  n o t  t h e  c a s e .  The o b s e r v a t i o n  o f  a l t e r a t i o n s  o f  tRNA 
p o p u l a t i o n s  i n  t h i s  b e n i g n  tumor  a s  g r e a t  a s  any f rom a m a l i g n a n t  one 
s u g g e s t s  t h a t  c a n c e r  i s  an a l l - o r - n o t h i n g  phenomenon i n  i t s  e f f e c t  on 
t r a n s f e r  RNAs.
C o m p a t i b i l i t y  o f  t h e s e  F i n d i n g s  w i t h  t h e  Theo ry  o f  
tRNA-Mediated R e g u l a t i o n  o f  T r a n s l a t i o n
The b i o l o g i c a l  s i g n i f i c a n c e  o f  t h e s e  a l t e r a t i o n s  i n  tRNA 
p o p u l a t i o n s  from c a n c e r  c e l l s  r e m a i n s  l a r g e l y  a  m y s t e r y .  A few s t u d i e s  
h a v e  examined t h e  a b i l i t i e s  o f  t u m o r - s p e c i f i c  tRNAs t o  s u p p o r t  p r o t e i n
s y n t h e s i s  i n  c e l l - f r e e  t r a n s l a t i o n  s y s t e m s  and h a v e  o b t a i n e d  
c o n f l i c t i n g  r e s u l t s  ( 2 0 9 , 2 1 1 , 2 2 4 , 2 3 2 ) .  The a b s e n c e  o f  a  d i f f e r e n c e  
b e tw e e n  two i s o a c c e p t o r s  i n  t h e  a b i l i t y  t o  t r a n s l a t e  g l o b i n  m e s s e n g e r  
i n  a  r e t i c u l o c y t e  c e l l - f r e e  s y s t e m  may n o t  b e  i n d i c a t i v e  o f  t h e i r  
r o l e s  i n  t h e  homologous  c e l l s ,  b u t ,  a t  t h e  same t i m e ,  d i f f e r e n c e s  
w h ich  a r e  o b s e r v e d  in v i tro  a r e  n o t  n e c e s s a r i l y  i n d i c a t i v e  o f  t h e  
in vivo s i t u a t i o n ,  e i t h e r .  I n  s h o r t ,  much work  r e m a i n s  t o  be  done  on 
t h e  a n a l y s i s  o f  t h e  b i o l o g i c a l  s i g n i f i c a n c e  o f  t u m o r - s p e c i f i c  tRNAs.
Two e x p l a n a t i o n s  f o r  t h e s e  a l t e r e d  tRNA p o p u l a t i o n s  e x i s t .
The f i r s t  i s  t h a t  t h e  new i s o a c c e p t o r s  a r e  b y - p r o d u c t s  o f  a  g e n e r a l l y  
i n c r e a s e d  r a t e  o f  p r o t e i n  and RNA s y n t h e s i s  i n  tumor c e l l s .  A c c o r d in g  
to  t h i s  h y p o t h e s i s  t h e  " e x t r a "  s p e c i e s  a r e  i n c o m p l e t e l y  m o d i f i e d  
v e r s i o n s  o f  t h e  " n o r m a l "  tRNAs p r o d u c e d  b e c a u s e  t h e  r a t e  o f  tRNA 
s y n t h e s i s  e x c e e d s  t h e  c a p a c i t y  o f  t h e  m a t u r a t i o n  s y s t e m .  The s econd  
a l t e r n a t i v e  i s  t h a t  t h e s e  c h a n g e s  i n  tRNA p o p u l a t i o n s  i n  f a c t  a l l o w  
t h e  c h a r a c t e r i s t i c  s h i f t s  i n  t h e  numbers  and t y p e s  o f  p r o t e i n s  
s y n t h e s i z e d  by  c a n c e r  c e l l s .
T h i s  s e c o n d  a l t e r n a t i v e  seems more  l i k e l y  f o r  s e v e r a l  r e a s o n s .  
F i r s t  t h e  l e v e l s  o f  tRNA m e t h y l a s e  a c t i v i t i e s  i n  tumor c e l l s  a r e  known 
t o  b e  i n c r e a s e d  d r a m a t i c a l l y  ( 1 6 6 - 1 7 1 ) .  T h i s  i s  i n c o n s i s t e n t  w i t h  a 
h y p o t h e s i s  t h a t  u n d e r - m o d i f i c a t i o n  i s  t h e  r e s u l t  o f  weak m a t u r a t i o n  
a c t i v i t y .  I t  c a n n o t  b e  r u l e d  o u t  a l t o g e t h e r ,  t h o u g h ,  b e c a u s e  c h a n g e s  
i n  t h e  l e v e l s  o f  S - a d e n o s y l m e t h i o n i n e  and t h e  v a r i o u s  f o l a t e  d e r i v a t i v e s  
a r e  known t o  t a k e  p l a c e  d u r i n g  o n c o g e n e s i s  (23 3 -2 3 5 )  and may p l a y  a 
r o l e  i n  t h e  p r o d u c t i o n  o f  m e t h y l - d e f i c i e n t  n u c l e i c  a c i d s  (2 3 6 ) .
Second ,  a d a p t a t i o n  o f  tRNA p o p u l a t i o n s  t o  t h e  a c t i v i t i e s  o f  t h e i r  
c e l l s  was n o t  o n l y  one o f  t h e  l i n e s  o f  e v i d e n c e  i n  s u p p o r t  o f  t h e  
codon r e s t r i c t i o n  h y p o t h e s i s ,  b u t  was a l s o  one o f  t h e  f i r s t  
i n d i c a t i o n s  t h a t  su ch  a r e g u l a t o r y  mechanism m ig h t  e x i s t .  T h i r d  and 
p e r h a p s  most  i m p o r t a n t  i s  t h e  f a c t  t h a t  t h e  c h a n g e s  i n  tRNAs w hich  
accompany o n c o g e n e s i s  a r e  t h e  r e v e r s e  o f  t h o s e  which  a r e  o b s e r v e d  
d u r i n g  d i f f e r e n t i a t i o n  (1 1 8 ) .  I f  t h e  d i f f e r e n t i a t i o n  p r o c e s s  i s  
enhanced  o r  d i r e c t e d  t o  any e x t e n t  by i n c r e a s e s  i n  t h e  o v e r a l l  l e v e l  
o f  tRNA m o d i f i c a t i o n ,  t h e n  d e c r e a s e s  i n  t h i s  m o d i f i c a t i o n  m us t  work 
a g a i n s t  t h e  c o n t r o l  o f  gene e x p r e s s i o n .
U n d e r s t a n d i n g  o f  t h e  r e l e v a n c e  o f  tumor  s p e c i f i c  tRNAs to  
t h e  c a n c e r o u s  s t a t e  w i l l  depend  on t h r e e  a r e a s  o f  r e s e a r c h :  c a r e f u l
a n a l y s i s  o f  a l l  o f  t h e  i s o a c c e p t i n g  tRNAs o f  a  c e l l ' s  p o p u l a t i o n ,  
d e t e r m i n a t i o n  o f  t h e  s t r u c t u r a l  b a s i s  f o r  t h e  a p p e a r a n c e  o f  t h e s e  new 
i s o a c c e p t o r s ,  and e x a m i n a t i o n  o f  t h e  r o l e s  o f  t h e s e  tRNAs and t h e i r  
m o d i f i e d  b a s e s  i n  p r o t e i n  s y n t h e s i s .  The work p r e s e n t e d  h e r e  i s  
j u s t  one s t e p  i n  t h i s  p r o c e s s .
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